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ABSTRACT 
Electric utilities are faced with the requirement of matching 
system generation with a system load which varies in a roughly 
cyclic manner. The cycle involves peaks followed by valleys on a 
daily basis.  Some generation is started only to meet the high 
demand of the peak loads while other generation remains on through- 
out all load fluctuations, the latter being known as base load 
generation. 
As a result of the long lead times for the construction of 
base load generation, the power plants must be committed for 
construction in time to meet loads which will not actually materi- 
alize until after construction is complete. This situation, along 
with recent load growth at a lower than expected rate, causes many 
electric utilities to be faced with a potential surplus of base 
load generation, projected by this thesis to peak in the mid to 
late 1980's for the test utility studied, even with units operating 
at their minimum levels. This problem is known as the "Minimum 
Generation Problem." The problem is largely attributable to an 
increasing percentage of nuclear units which are most desirably 
run at near full output for operating and economic reasons. 
The problem was shown to vary widely in severity depending 
principally on future load/capacity forecasts and the details of 
the interconnected operation of the electrical systea. The cost 
of the problem was shown to vary directly with the problea severity 
and be sensitive to assumptions concerning fossil unit impacts of 
frequent startups. 
This thesis evaluates the two basic operating alternatives 
available in minimum generation situations:  (1) shutdown fossil 
units and (2) reduce nuclear unit output. The latter alternative 
is shown to be the more economical of the two on the test utility 
system. 
Finally, options available to lessen the cost impacts of the 
problem were investigated, however, none were found worthy of 
pursuit at this time. 
CHAPTER I 
IHTRODUCTIOH 
General Considerations 
Minimum generation is a hypothetical problem which could 
confront electric utilities sometime in the future.  It would 
materialize when loads drop below the emergency minimum generating 
capacity of a generation system and extraordinary action is neces- 
sary to continue to match generation and load. The situation 
referred to is termed a problem because it would result in off 
economic operation of the generating system. 
This thesis investigates the problem for a test utility in a 
chosen regional interconnection. The interconnection is a group 
of neighboring electric utilities linked by a system of high 
voltage transmission lines. This power pool was formed to provide 
member companies with improved reliability and economy through the 
integrated operation and planning of the individual bulk power 
systems (the generating plant and high voltage transmission 
systems). Some of the benefits of interconnected operation are 
(1) economic and emergency energy interchange, (2) lower reserve 
requirements for a given system reliability and (3) the use of 
large units which take advantage of the economies of scale. 
Obviously, the problem is determined by the future load 
growth and capacity installations of the region. These two vari- 
ables are the object of continuous study by individual utilities 
and predictions concerning them are far from definitive and precise. 
Information on future load and capacity is, nevertheless, 
essential to the analysis of the minimum generation problem and 
therefore must be approximated for this thesis. The actual load 
and capacity predictions for individual companies are confidential 
in nature and therefore are not presented here.  Instead, the 
author uses a range of load growth forecasts and links them to 
reasonable capacity forecasts based on experience in Capacity 
Planning at the test utility. 
Many other estimates were also used in the production of this 
thesis that are accurate for the purpose of this analysis but do 
not necessarily reflect any company's operating experience. All 
data used is the result of estimates and judgements and should not 
be construed for any use other than the one at hand. 
"\ 
The Problem 
This thesis deals with the multi-faceted problems which could 
arise in the event that loads drop below the emergency minimum 
generation level in the region and the test utility is requested 
to reduce its generation further in order to match loads. The 
minimum generation level is defined as all base load fossil units 
at emergency minimums (the presumed next step is to shut the units 
down) and all nuclear units at full output. This study begins 
with operation below emergency minimums and investigates the 
severity of the load matching problem, the two main operating 
alternatives available to further reduce generation and also 
investigates the options available to mitigate the cost impacts of 
the alternatives. The time frame is 1982-1990. 
A thorough understanding of minimum generation problems for 
the test utility must include a knowledge of future load and 
capacity interactions as well as regional relief. 
Regional relief arises from the coordinated operation of the 
interconnected system. The governing principle of such relief is 
that no member company can experience minimum generation problems 
unless the region does. This relief becomes the major determinant 
of the test utilities problems and it is a function of the region's 
load and capacity. The biggest contributor to emergency minimum 
capacity is the nuclear units. Thus, the major influence on the 
test utilities problems is, ironically, regional load growth and 
nuclear unit additions. 
Load growth for the test utility is uncertain but of less 
importance than regional relief because of the substantial relief 
available from interconnected operation.  Capacity installations 
for the test utility are relatively well defined.  Load growth and 
capacity installation assumptions are combined to form the basic 
scenarios studied. 
The costs of minimum generation problems are due to the costs 
associated with the operating alternative chosen to match loads — 
either reduce nuclear output and then shutdown fossil units or 
vice versa.  Costs are estimated for lost energy, increased fuel 
cost, increased outage cost and increased maintenance cost due to 
the load matching operations below emergency minimums. The costs 
associated with the two operating alternatives lead to conclusions 
about the most desirable operating mode in the event of minimum 
generation problems. 
All the results, conclusions and recommendations of this 
study must be viewed in the perspective of the uncertainty involved 
in the analysis.  No results are any sore precise than the load 
and capacity forecasts thai coaprise the various scenarios studied. 
In addition to this, a major cost component (the maintenance cost) 
•.,. of minimum generation problems is based on subjective estimates 
from general operating experience. These two points underlie the 
difficulties involved in assessing minimum generation costs and 
drawing conclusions/recommendations from the data. 
In order to compensate for the vagaries of load, capacity and 
cost estimates, the recommendations are based on a study of the 
results over wide ranges of these variables.  The emphasis here is 
not on precise prediction of problems but on sound recommendations 
over wide exposures. 
The uncertainties make expenditures for any option to reduce 
the cost impacts of operating alternatives, based only on minimum 
generation benefits, a risky endeavor unless the possible benefits 
overwhelm the certain costs of the option.  In the analysis of 
options (Chapter VI), one should remember that the lead time for 
engineering and construction is about 3 years. This means that 
commitment of capital can be delayed until the early eighties with 
little risk of entering the peak problems unprepared, since peak 
problems are not anticipated until the mid to late 1980's. 
CHAPTER II 
ESSENTIAL CONCEPTS 
Introduction 
As a prelude to understanding minimum generation one must be 
acquainted with the basics of large electric power systems. An 
understanding of the electrical characteristics of such systems 
and the composition and operation of the systems is fundamental to 
the understanding of the discussions following this chapter. Here 
we provide a brief review of some basics that can be conveniently 
omitted by those not in need. Any desiring more in depth reading 
are referred to any good text covering the dispatch, operation and 
control of large, modern electric power systems. This chapter 
begins an attempt to build slowly into the subtleties and analysis 
of the minimum generation problem. 
Stability Considerations 
A concept intrinsic to the operation of today's large electric 
power systems is the requirement that the level of generation 
continually tracks the demand for electric power within a reason- 
able differential between supply and demand. The allowable size 
of this differential is determined by the tolerance required for 
a stable system.  The tolerance is directly linked to generating 
system characteristics, transmission system characteristics and 
load characteristics. The technical field which quantifies the 
various parameters involved and the relationships between these 
parameters is known as Power System Stability. 
Although a detailed treatment of the principles involved is 
beyond the scope of this thesis, the general idea is that of two 
rotating mechanical arms connected by a spring in tension, as in 
figure 1, page 10.  We may think of the generation system as being 
one rotating arm and the system electrical demand as being the 
other. The spring is the transmission system connecting genera- 
tion and load. The length of each arm represents the equivalent 
generation and load voltages (£ and E,). The tension in the 
spring represents the current and the spring's resistance to 
elongation represents the transmission reactance. The two bodies 
rotate in step, one dragging the other, with some angular lag 
between them.  In this simple system, as in our power system, 
there is a limit to the magnitude of angular difference(6), between 
the rotating bodies, that can be tolerated before the arms swing 
in opposite directions uncontrollably, (the system goes unstable). 
This angular difference (90°) is the stability limit. 
MECHANICAL ANALOGY TO 
POWER SYSTEM STABILITY 
FIGURE 1 
10 
In modern power systems unstable operation will result in 
loss of load. Of course, the continually changing picture of 
load, transmission and generation creates a dynamic control problea 
for power system operators and planners. 
Under generation/load conditions causing system swings, the 
angular separation of the generation and load can increase. When 
this angle reaches its limits, the stability of the system could 
be endangered. Hence, we have our general requirement of matching 
generation and load. 
These considerations are further complicated with today's 
strongly interconnected systems, but this complication is not 
essential for our level of analysis. 
For further understanding of the problem we must first be 
familiar with the components of the power system, namely the load 
and generation; first, the load. 
Load 
The load varies from hour to hour in each day of the year. 
r 
Although these variations are unique each day, they are sometimes 
represented by "typical" load shapes; an hourly shape which 
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represents a typical day on an hourly peak basis, a daily shape 
which represents a typical week on a daily peak basis and a 
monthly shape which represents a typical year on a monthly peak 
basis. Examples of these three types of shapes are shown in 
figure 2, page 13. The values of the loads are expressed in a per 
unitized form.  The hourly and daily shapes in figure 2, page 13, 
can be combined to get a picture of a typical week on an hourly 
basis (figure 3, page 14). 
We can see, from these examples, the wide fluctuations in the 
load of a large power system. The lowest hourly load in a year is 
approximately 35% of the yearly peak load on a system like the 
regional system under study. This may typically occur in the 
spring.  The highest minimum daily load may be about 60% of the 
yearly peak load and may typically occur sometime in the winter. 
These minimum load times are important since they are the times 
when problems may arise with matching the generation with the 
load. 
Another concept which is helpful in understanding load 
variations is that of the yearly load duration curve. An example 
of a load duration curve is shown in figure 4, page 15. This 
curve shows the number of hours in a given year that the load was 
of a certain magnitude or greater.  In other words, referring to 
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figure 4, page IS, for each of the 8760 hours in the year the load 
was about 9,500 megawatts or greater, hence, the minimum load. 
The hours axis can be expressed in percent of the total hours in a 
year and the megawatt axis can be expressed in percent of the peak 
load for the year as in figure 5, page 17. 
Capacity 
From the load patterns in the previous discussion, one might 
imagine the flexibility of the generation system needed to meet 
these varying demands, especially in view of the requirements for 
a stable system that were discussed at the outset of this chapter. 
The generation of a large power system is composed of three 
basic types; base load capacity, intermediate capacity and peaking 
capacity.  The basic characteristics of these three classes of 
generation determine their role in satisfying the demands of the 
electrical system. 
Base load units have high capital cost and relatively low 
operating cost. To maximize the return on this large investment, 
base load units are designed for continuous operation and are 
usually efficient fossil fired units or low fuel cost nuclear 
units.  Because of their continuous operating capability these 
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units supply the bulk of the systea energy, which results froa the 
lower load levels. This energy is effectively visualized as the 
area covering the lower portions of a load duration curve (figure 
5, page 17). 
At the other end of the spectrum are the peaking unitB. 
These are low capital cost units which are designed for daily 
start up and shutdown. Their efficiencies are low and their 
operating costs high. The purpose of these units is to serve only 
the top increments of the load curve (the peaks) which occur only 
a small percentage of the time, hence the desirability of low 
capital cost and the smaller concern for operating cost.  Peaking 
units may be steam, internal combustion or hydroelectric. The 
energy served by these units is that occupying the top portions of 
the load duration curve. 
The remaining energy of the load duration curve is served 
with intermediate capacity. This capacity is usually fairly, 
efficient moderate cost generation with the capability of being 
shutdown daily or at least operated at a low minimum level. Often 
this capacity is old base load units that have been supplanted by 
more efficient, lower operating cost units designed only for base 
load operation. Many current base load units may eventually be 
moved up the load duration curve in this way. Also, to maintain 
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nuclear units in their base load roll, future new units say be of 
the intermediate variety. 
Thus, during the life of many generating units, historically 
they have been bumped up the load curve to fewer annual hours of 
operation until retirement as intermediate or even peaking capacity. 
It should be emphasized, that the base load units have minimum 
generation levels below which the units would encounter severe 
operating problems and decreased unit reliability.  Because of 
these problems, the significant financial investment in these 
units and their low operating cost, it is advantageous to operate 
this type of unit as much as possible. 
System Mix 
System mix refers to what percentage of a system's total 
annual energy is supplied by various types of fuel. The basic 
categories of fuel type are nuclear, coal, oil and hydro. Base 
load units are often nuclear, coal and occasionally oil. Interme- 
diate units are often fueled by coal or oil and peaking units are 
usually oil fired.  In figure 6, page 20, we can see the percentages 
of total system installed capacity attributable to the various 
fuel types. Figure 7, page 21, shows the portions of the system 
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annual energy supplied by the various fuel types on the now familiar 
load duration curve. 
An electric utility has many different types of units and 
fuels in order to most efficiently meet the diverse needs of the 
electric power system.  To a large extent, economics and the 
demands made by the system determine the design of future genera- 
tion. However, an electric utility also strives for diversity in 
the fuels it uses so that it will not be overly dependent on any 
one type of fuel to supply electricity. 
System Operation 
Beginning with the minimum load period, additional generating 
units are turned on (synchronized or brought on line) as the load 
climbs.  From our discussion thus far, we know that the base load 
units are brought on line first, followed by the intermediate 
units and then the peaking units. They are taken off line with 
decreasing load in roughly the reverse order that they are put on 
line, with base load units remaining on all the time (except for 
outages). To be more specific, the units are brought on or off 
line according to an economic dispatch, the cheapest to run being 
the first on line and the last off line. The cost of running a 
unit varies with its output and is displayed as a curve called 
22 
an increaental cost curve. A unit's incremental cost is its cost 
per kilowatt for generating electricity for one hour and is measured 
in mills/kvh (a mill is 1/1000 of one dollar).  If we return to 
figure 7, page 21, we notice the right hand ordinate shows some 
typical ranges for the incremental costs of generators using 
various fuel types. Each individual plant has curves of their 
incremental cost as a function of the various generator outputs in 
kilowatts. A typical such curve is shown in figure 8, page 24. 
A system is loaded with the least expensive unit being started 
first and each successive increment of load is met with the unit 
that can supply that increment at the lowest cost. At anytime, 
the highest incremental cost at which any unit on the system is 
generating is called the system running rate. The next unit to be 
dispatched is then the one whose incremental cost for the next 
load increment is nearest the running rate. 
Interconnected Systems 
To increase the reliability and economy of power systems 
large interconnections are formed.  These are smaller power grids 
interconnected by high voltage transmission lines for the exchange 
of power. The member companies in the interconnection cooperate 
in forecasting load, building generating facilities and exchanging 
23 
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power so that the overall cost for reliable supply of electricity 
to customers will be minimized. Together, the companies share the 
benefits of economies of scale in power plant size, of lower 
required reserves for a given reliability and of more economic 
operation of the total system.  Each of these areas of potential 
benefits could be discussed at length, however, the third is of 
paramount interest to us here.  Later, we will rely on knowledge 
concerning the economic operation of an interconnected system to 
understand the factors affecting minimum generation occurrences. 
In the interconnection, no single company dispatches its 
generation to meet its own load.  Companies pool their generation 
and operate this pool as a single system to meet the collective 
electrical demand of the companies. This one large "company" then 
dispatches its generation on an incremental cost basis as previous- 
ly discussed.  If the system is operating at some load level and 
one of the member companies experiences an increase in load or a 
shortage of generation, then, the generator on the system that can 
meet this demand at a cost nearest to the system running rate will 
supply the added load, regardless of who owns this capacity. Of 
course, this generation represents a cost to the company supplying 
it. The receiving company will reimburse the owner of the genera- 
tion on a split savings principle. Reimbursement is equal to the 
average of (1) the cost of the generation to the supplying company 
25 
and (2) the cost that would have been incurred by the receiving 
company if it had supplied the load increase with its own genera- 
tion. This situation is portrayed in figure 9, p»ge 27, and table 
1, page 28. 
Load Forecasting And Capacity Planning 
Load forecasting and capacity planning are two prise functions 
of an interconnection. Loads must be forecast up to fifteen yean 
into the future in order that capacity additions may be planned, 
designed and constructed in time to meet these projected future 
loads. Load forecasting is partly art and partly science and 
hence many things may happen to cause actual loads to deviate from 
forecasts. Actual loads may fall anywhere within some range of 
values. The further into the future the forecast extends, the 
wider the range of possible loads that have a reasonable probability 
of occurrence or, conversely, the greater the uncertainty in the 
forecast. 
In general, base load generation must be planned at least ten 
years in advance of the in service date. This generation must 
begin construction about six or seven years prior to the in service 
date.  In addition to this fact, it must be noted that a generating 
plant is not planned to be installed to exactly match the needs 
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Interchange Cost = 
(Energy Transferred) (Generating Cost + Replacement Cost) 
2 
Energy Transferred = G2 - G. = G^ - G3 = Z 
Cl + C2 
Average Generating Cost for increment sold =  = x 
2 
Average Replacement Cost for buying company =  = y 
Interchange Cost = (Z) (x + y) 
2 
INTERCHANGE COST CALCULATION 
TABLE 1 
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when it is installed.  It is planned with room for growth so that 
the system can grow into the generator in a reasonable amount of 
time.  This adds a few more years of lead time from the time unit 
planning is begun to the time the unit is perfectly sized to the 
system. 
This discussion of lead times is only meant to demonstrate 
the difficulty in building power plants to meet future loads so 
that one may understand how problems such as those discussed in 
this thesis are possible. 
29 
CHAPTER III 
THE GENERIC MINIMUM GENERATION PROBLEM 
Introduction 
As we have seen in Chapter I, strict adherence to load 
matching requirements under varying loads is a necessity in the 
operation of electric power systems.  In this chapter, it will be 
shown how this requirement may lead to problems in the operation 
of the existing power system. These problems will be referred to 
as minimum generation problems.  It is important to note from the 
start that "problem" does not connote something insurmountable or 
something that will cause electrical instability. The problem is 
one primarily of economics since the system will be operated and 
load will be matched but the question is, at what cost. To arrive 
at costs, the "problem" must be quantified in order to see to what 
degree operations will be affected. The quantification process is 
one that looks at the electrical system as if generation excesses 
would be allowed to occur when the system reaches the so called 
emergency minimum generating level. Then the magnitudes of the 
ensuing hypothetical excesses are measured. With the problem 
quantified, the relative costs of various operating procedures can 
be determined and compared with the costs of capital modifications 
to make operations easier. 
30 
There will be discussions of today's evidence of a possible 
problem and why the problea is expected to occur, what work has 
been done in the past on the minimum generation problea and what 
methods can be applied to gain first approximations of the relative 
order of magnitude of the problem for a range of years. 
The Minimum Generation Problem is somewhat of a misnomer 
since, as one will soon notice, we are really talking about 
excess generation. The name stems from the fact, however, that 
during the times of concern the generating system is operating at 
minimum levels. This justification and the previous use of the 
description "Minimum Generation" are why this label has been 
retained in this thesis. 
General Problem Description 
Now a simplified but reasonable hypothetical situation of 
generation and load will be constructed to describe the minimum 
generation problem. Figure 10, page 32, graphically portrays the 
situation with the weekly system load expressed as a percentage of 
the peak load. The type of generation which supplies this load is 
shown. Early Monday morning, the load (equal to about 50% of peak 
load) is supplied with base and intermediate load units. As the 
load climbs through the morning peak to the afternoon peak the 
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unit outputs are increased and additional units are brought on 
line as required, based generally on incremental costs. As load 
falls throughout the afternoon and into the early morning Tuesday, 
unit outputs are decreased and units are taken off line to assure 
that generation matches load within tolerable limits. This pattern 
repeats itself, with some variations, day after day. 
A significant variation occurs as represented by the load 
pattern on Sunday morning.  In this instance the load drops to a 
level low enough so that it is served only by base load generation. 
This, in itself, is not a problem as there is an amount of regula- 
tion (load following ability) available with base load units. On 
the diagram, the normal amount of available regulation is repre- 
sented by the distance between the top of the base load area and 
the normal minimum line. To lower the system generation below the 
normal minimum level requires enactment of emergency procedures, 
nevertheless, the system generation can be lowered to the bottom 
limit indicated by the emergency minimum line.  If the load on 
occasion drops below the normal minimum line, the generation 
system can follow it at the expense of a higher cost for the 
energy and a lower system reliability.  Below normal minimums the 
system is no longer operating on an economic dispatch, in other 
words, lowering generation increases costs. A large component of 
the higher energy cost is increased oil burn when operating below 
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normal minimums.  The lowered systea reliability it due to the 
increased exposure to loss of a unit when operating under emergency 
procedures.  If the load drops below the emergency Minimus line we 
encounter a minimum generation problem as defined in this thesis. 
At this point, to follow load requires that nuclear units be 
cycled, and/or fossil units be shutdown. Each of these procedures 
has ramifications which must be explored and compared.  In addition, 
these operating alternatives must be compared to options involving 
capital expenditures or rearrangement of operations. These consid- 
erations bring us to the subject matter of this thesis, identifying 
and evaluating these various alternatives and options in the light 
of an expanded and refined analysis of the possible minimum genera- 
tion problem. 
Evidence of the Problem 
To this point the discussion has concerned itself with 
hypothetical postulations.  Of course, there is reason to believe 
that in the future we may indeed be confronted with real situations 
when the load drops below the emergency minimum generating capa- 
bility.  Some current evidence leads us to acknowledge this eventu- 
ality. The evidence can be found in results from a computer model 
used as a capacity planning tool and in recent operating experience. 
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The production cost program is a well accepted and sophis- 
ticated computer model which simulates the economic dispatch of a 
system of generators to meet the requirements of an intercon- 
nection's load. While doing so, it calculates the associated 
generation costs. Although this program is not fine tuned to 
accommodate minimum generation situations, the program will yield 
indications of such problems.  Runs of this program yielded early 
indications that future years may hold the specter of loads lower 
than emergency minimum generating levels.  Production cost results 
continue to indicate a possible problem in the future. 
Observation of system operations lends additional support to 
the production cost results.  To cite one instance in recent 
history, the regional system generation was operating near its 
normal minimum generating level with some nuclear cutbacks as 
well. This situation brought further attention to the possibility 
of a minimum generation problem in the future. 
These are examples of evidence which crops up during the 
planning and operating activities of the interconnected region. 
During the actual study of the problem, more evidence surfaces. 
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Possible Causes of Hinimum Generation Problews 
Some details of the composition of a generating system and 
its load have been reviewed in Chapter II.  It was shown how the 
generation is designed and dispatched to meet the requirements of 
its system load. One may be justified, at this point, in wondering 
why this well planned system may have instances of excessive 
generation at some time in the future. The answer lies in the 
nature of capacity planning and load forecasting. 
Future planned capacity additions are dependent on the "  : 
forecast load for ten to fifteen years into the future. As •'' 
mentioned previously, units must be started construction about 
eight or ten years prior to the time when they will be fully 
utilized on the system.  Because of these considerations, load 
forecasts lowered prior to the completion of construction of 
generating units can produce high reserves on a system until the 
load "catches up". The extent of the predicted excess depends on 
the amount of committed base load capacity, the predicted rate of 
load growth and the length of time that a given load growth is 
assumed to persist.  On the regional system, the minimum generation 
problem could materialize as a result of new units scheduled for 
the near future coupled with a post oil embargo recession in load 
36 
growth. Actual minimum generation problems are heavily dependent 
on actual unit in service dates and load growths. 
Historical Aspects 
In April, 1974 the region issued a report which arrived at an 
estimate of minimum generation problems in the 1976 through 1981 
period. These estimates were arrived at with simplified manual 
methods and the cost of the problem was not addressed.  In 1976, 
the test utility issued a report with statistics similar in type 
to the 1974 study, but was updated to cover the 1976 through 1990 
period. The statistics were arrived at with the aid of a computer 
program which made extensive calculations in a somewhat more 
sophisticated manner. A limited review of some of the costs 
involved with minimum generation was addressed in the 1976 report. 
In this thesis the analysis of the minimum generation problea 
is more thorough and refined than in either of the two previous 
works. All data was updated to the most recent available at the 
time; load forecasts covered an expanded range; estimates of 
relief available to the test utility system from the regional 
interconnection were refined and future capacity installations 
were adjusted for lower load forecasts. All of these points are 
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significant improvements over previous work on the topic.  In 
addition, minimum generation data was worked into costs so that 
the problem could be viewed as a dollar iapact on operations and 
various alternatives could be considered and evaluated. This is a 
considerable extension beyond all previous work. 
Regional Relief to the Test Utility 
Up to this point, the power system being studied has not been 
integral to the discussion. The things we have mentioned, however, 
apply predominantly to that portion of a power system which is an 
operating entity, in this case the regional interconnection. This 
thesis is from a company oriented viewpoint and this requires 
explanation. 
The regional interconnection is operated as one large system 
and therefore specific units owned by individual companies are 
operated to meet the interconnection load as mentioned in Chapter 
II. The region, then, may experience minimum generation problems 
as a whole, however, individual companies will contribute to the 
problem to varying extents depending on the capability of their 
own generating units to be reduced in load. The present agreements 
governing interactions among regional members provide for the 
possibility of each company being required to match its generation 
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to its own load instead of the interconnection load. As things 
stand at this tine, there is the possibility that, as the inter- 
connection experiences excesses of generation with units at emer- 
gency levels, the individual coaipanies could be required to 
individually match their own generation and load thereby assigning 
over generating companies their own portion of the problem (this 
is why the problem was defined to start at emergency minimums.) 
In this thesis, it is assumed that this would be the case unless 
negotiations between companies provided an alternative course of 
action.  In the absence of hard information enabling an account of 
procedures below emergency minimum generating levels, the assump- 
tion of each company matching load is good for this evaluation of 
the minimum generation problem. 
The impact of this assumption is pivotal to understanding the 
concept of regional relief.  In any given hour, the test utility's 
load may be below its emergency minimum generating capacity while, 
at the same time, the interconnection load and generation are 
matched.  In this instance, a company with the capability of 
generating below their load is buying the test utility's excess 
because it is more economical than generating their own power. We 
see, therefore, that no company will experience minimum generation 
problems when this "relief" is available from the region. However, 
whenever regional problems arise, the assumption is that individual 
39 
companies will be thrown into whatever problea exists on their own 
systems isolated from the interconnection on the basis of the 
possibility that they could be asked to match their own load at 
this time.  It follows that the number of hours of excess genera- 
tion (including regional relief) on the test utility system will 
have an upper limit equal to the number of hours that the region 
experiences a problem. 
Quantifying the Minimum Generation Problem 
There are three convenient parameters used to quantify 
minimum generation problems; the frequency of occurrence, the 
magnitude of the occurrence and the energy of the occurrence. 
Frequency may be measured in annual hours or the number of week- 
nights and weekends, throughout a year, during which a problem is 
encountered.  The magnitude is usually measured in megawatts (MW) 
of excess generation for the most severe hour on a given weeknight 
or weekend. The potential generated energy in excess of energy 
demand is measured in gigawatt-hours (GWH). 
Since minimum generation problems are characterized by 
excess generation, common sense says that the problems will occur 
at night, and on weekends, both times of low system loads. From 
a system operation point of view, any number of hours of load 
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natching problems on a given night or weekend possibly can be 
handled as one occurrence. From this point on, occurrences will 
refer to the number of weeknights plus weekends which contain 
minimum generation problems. 
If the weekly load curve of figure 3, page 14, is studied one 
can see that the last peak before the weekend is on Friday and the 
first peak after the weekend is on Monday.  Problems between these 
peaks are counted as one weekend occurrence no matter how many 
hours are involved. During the week between the Monday and Friday 
peaks there are four low load times all separated by peak load 
times.  Problems during each of these low load periods are counted 
as one occurrence, for a maximum possible total of five occurrences 
in a week or 260 in a year. Each occurrence has an associated 
magnitude (MW) and energy (MWH). 
The method of accounting for regional relief was shown in the 
preceding section. This was relief in terms of the frequency of 
minimum generation occurrences. As it turns out, the most severe 
annual problem on the test utility system occurs when the region 
also has problems and thus no relief is provided to the test 
utility's most severe occurrence. 
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Since energy is a combination of frequency and magnitude (MW 
x HRS) for all occurrences, the test utility does experience 
regional energy relief. 
Profile of Minimum Generation Problems 
At first glance, it might be suspected that the most severe 
minimum generation problems during the year would occur when load 
drops to the lowest annual values for nights and weekends. The 
seasons of lowest loads are the fall and spring, however, our 
experience indicates most frequent and severe excess generation 
problems occur in the summer. This reflects the importance of 
considering the relative levels of loads and available generation 
in reviewing the potential of a load matching problem.  In the 
spring and fall there are large amounts of generation scheduled 
off line for annual maintenance resulting in the decreased prob- 
ability of problem.  In the summer this situation is reversed. 
The interconnection experiences its peak demand in the summer and 
so schedules the maximum possible generation. With present operat- 
ing policy, these large amounts of generation coupled with low 
loads at night, especially on weekends, create the maximum poten- 
tial for the problems which we are considering here. 
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The following chapter will provide detailed statistics out- 
lining the scope of the minimum generation problem for a range of 
scenarios. Here is presented an intuitive view of regional load 
and capacity intended only to convey the notion that minimum 
generation problems are plausible. The method used here does not 
accurately indicate any of the major problem parameters such as 
number of occurrences, excess energy or maximum excess megawatts. 
The method can be used to gain a subjective feel for the relative 
possibility of having problems from one year to the next. 
The tool used is a graph of estimated yearly minimum load and 
minimum capacity for the region (figure 11, page 44). The minimum 
loads are approximated as 40% of the projected peak for various 
load assumptions. The minimum capacities are approximated as 100% 
of the projected installed base load capacity taken at emergency 
minimums (nuclear full) for future years. The 100% figure is used 
to simulate a high summertime base load unit availability and the 
40% figure is used to simulate nightly summer loads. The summer 
is stressed because minimum generation problems are found to be 
most notable during this period. 
The following figure 11, page 44, shows minimum loads signif- 
icantly below minimum capacity in the mid 1980*s raising the 
specter of possible operating problems. The test utility could be 
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a major contributor to any problems that do occur because of the 
high percentage of base load generation produced by the nuclear 
units under the lower load assumptions. 
This figure demonstrates the possible regional minimum gener* 
ation problems under scenarios of low load growth, new capacity 
installed on schedule and load shapes similar to those that exist 
today. 
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CHAPTER IV 
ANALYSIS OF THE SEVERITY OF THE MINIMUM 
 GENERATION PROBLEM  
Introduction 
The in depth analysis of the minimum generation problem for a 
specific case is an involved process which must take into account 
many interrelated factors of the complex power system. From the 
discussions thus far it can be seen that system load and capacity 
for a specific year in the future are of utmost importance. Most 
factors which must be accounted for fall into one of these catego- 
ries. The following are some of the specific items of concern. 
1. hourly load forecasts 
2. existing non-cycling capacity 
a. unit minimums 
b. unit full forced outages 
c. unit full maintenance outages 
3. existing unit retirement dates 
4. future non-cycling capacity additions 
a.  unit in service dates (in addition to a, b and c 
above) 
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5.   regional relief 
These factors interact in a dynamic fashion that is modeled 
with a computer program called EOHZ, Frequency Tabs for Minimum 
Generation.  This program and its predictions of minimum generation 
problems are the topic of this chapter. 
The EOHZ Computer Program 
The program originated in 1976 for the purpose of quantifying 
projected minimum generation problems in various scenarios. The 
program basically accepts load and generator data and then compares 
load and generation hour by hour for the chosen year and system. 
Runs modeling the test utility system and the entire regional 
system can be executed with data accumulated on the instances of 
excess generation. 
The program remained in roughly this original form until 
1977-78 when substantial modifications were initiated by the test 
utility's system planning department. These modifications were 
performed by the Company's programmers under the direction the 
author and they enhanced the program's versatility and scope. The 
main changes were to enable the input of load shapes other than 
historical shapes, and to model the interaction between the test 
A7 
utility and the region in the interconnection.  The later develop- 
ment was particularly important since it surfaced with the reali- 
zation that the nature of the operation of the regional system as 
one large entity precluded the possibility of studying the test 
utility's minimum generation problem without accounting for regional 
relief. Up to this point regional interactions were approximated 
with rough hand calculations and equal emphasis was put on isolated 
test utility scenarios.  In this thesis, the more realistic case 
of the test utility scenarios with regional relief is the object 
of study. 
The program is designed to project the annual number of hours 
and occurrences of generation excess and the energy associated 
with these. This data is summarized in the form of magnitude/ 
frequency distributions.  In addition to these summaries, there is 
a day by day accounting of the hours and energy of projected 
generation excesses. 
The majority of input to the program is load and generator 
data in the form of cards or card images.  The load data is either 
a unique load shape input by the user or an instruction to read a 
historical load tape and escalate the values to approximate a 
future year. The generator data consists of name, minimum output, 
forced outage rate, in service date and maintenance schedule for 
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all base load machines on the systea. With this systea data, the 
program simulates the generation systea for a future year and 
compares the level of minimum generation with the load for each 
hour of the year. The program performs dual runs which simulate 
the operation of the entire regional systea and of the isolated 
test utility system. The isolated utility statistics are then 
reviewed to eliminate all hours of minimum generation occurrences 
during which the region has no predicted problem, thus modeling 
regional relief. 
Basic Scenarios Studied 
To recap, the difficulty in predicting occurrences of this 
problem stems in part from the high degree of uncertainty in 
future electrical demand.  Because of this, a wide range of load 
forecasts was studied.  In addition, the study of a range of years 
is desirable to flush out the estimated period of tiae that the 
problem could last and the consequent duration of effort necessary 
to alleviate possible problems. 
From a rough cut look at the profile of minimum generation 
problems one can estimate the 1980's to be the decade of greatest 
interest in this study.  It can be reasoned that, by the end of 
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the 1980's, generation design and load growth will be in the 
process of alleviating the problem and the most severe problems 
will have past.  In the event of very low load growth however, the 
minimum generation problem could persist for a period of time well 
into the 1990's. 
The first year chosen for analysis is 1982 since this is the 
earliest that the test utility could feel the full effects of its 
next block of base load generation.  Beginning with this year, a 
profile of the problem was created by also examining the situation 
for 1985 and 1990. 
Load growth and capacity are combined in various scenarios in 
order to scope out the problem for the years 1982, 1985 and 1990. 
Five load growths were studied for the region with corresponding 
load growths for the test utility. The capacity forecasts are 
basically the same for each load forecast except that uncommitted 
capacity is deferred in order to maintain 25% individual company 
reserves in the lower forecasts.  Since the capacity forecast is 
linked to the load growth forecast the scenarios are named after 
the five load forecasts by the 1977-1990 regional load growth rate 
(5.2% scenario, 4.0% scenario, 2.5% scenario, 1.9% scenario and 
.9% scenario). Each scenario is formed by three sets of load and 
capacity data representing the three years studied. More 
50 
information on load and capacity is contained in the discussion on 
assumptions. 
Assumptions 
The assumptions on load and capacity used in this study are 
based on the most recent data available at the beginning of this 
work.  In addition, the wide range of scenarios should provide the 
desired overview of possible problems. Nevertheless, future 
references to this work will need to account for the changing 
nature of the data. 
o   Load Assumptions 
Future loads are projected in the minimum generation computer 
program by multiplying each 1976 historical hourly load 
(available on disk to the computer program) by one of five 
seasonal multipliers.  The multipliers are ratios of the 
projected seasonal peaks of the future year to the correspond- 
ing 1976 seasonal peak.  Underlying this process is the 
assumption that the daily load shape in future years will be 
identical to the 1976 daily load shape.  Stated in another 
way, it is assumed that each hourly load during a particular 
season will grow at the same rate as the seasonal peak. 
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The assumption about load shape is expected to be reasonable 
since daily load shapes are not expected to change too dras- 
tically during the tine period of our study (1982-1990), 
especially load shapes during the summer minimum daily load 
period.  In addition the range of load growth rates applied 
to the seasonal hourly loads accounts for the iapact of a 
variety of circumstances which could alter the rate of growth 
of minimum loads. This range is based on a range of growth 
of the annual peaks from 1977-1990. 
Generation Assumptions 
Approximations for future unit additions are included in the 
generation base for future years in the 2.5% load forecast 
according to their in service dates. For lower forecasts, 
the future units designated as "uncommitted" are slipped 
until they are needed to maintain the owner's reserves at a 
25% minimum.  In addition to new unit installations, existing 
units are retired from service according to assumptions made 
for this study. For all units, assumptions are made concern- 
ing the unit emergency minimum generating level, the unit 
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forced outage rate and the unit maintenance schedule. These 
data are not included here. 
As the primary basis for this study, generating units were 
assumed to reduce to their emergency minimum level (nuclear 
units remain at full output). When loads drop below this 
point and additional measures are necessary in order to match 
load, it is termed a minimum generation problem. At present, 
the entire base load generation system is seldom required to 
reduce to even normal minimums and thus there is the implicit 
assumption that regional companies will smoothly make the 
transition to operation at lower minimums in a coordinated 
manner. This assumption has recently been supported with a 
new regional operating agreement concerning minimum generation 
obligations and procedures. 
Regional Relief 
As discussed previously, when all of the region's units are 
at their emergency minimum levels relief is assumed to be 
exhausted since lowering units below this level could jeop- 
ardize safety and reliability. Accounting of the test utility 
minimum generation problems begins as it must match its own 
generation and load beyond the point of regional relief. 
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The region could conceivably provide more relief than provided 
for by economic dispatch down to eaergency minimuas if it ii 
selling energy to outside pools. This situation is unpredict- 
able however and not taken into account. 
o   Pumped Storage Hydro 
Pumped storage hydro units can provide pumping load in partial 
relief of minimum generation problems during the early morning 
low load periods. The relief will be somewhat limited by 
outages and pumping schedules so existing and planned future 
pumped hydro units are entered as additional load at 751 of 
their full pumping value. 
Severity of the Problem 
To briefly review, there are three major parameters which can 
be used to measure the severity of the minimum generation problem. 
They are (1) the number of occurrences per year, (2) the amount of 
excess energy which must be absorbed in any given year (GWH), and 
(3) the magnitude of the worst occurrence in a given year (MW). 
It is important to note that any of these parameters singly or 
even all of them collectively can only give an idea of the problem 
severity, a sort of minimum generation profile. This profile is 
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compiled, with the aid of the computer program, for the years 
1982, 1985 and 1990 for each load assumption studied and is pre- 
sented in figures 12 through 16, pages 56 through 60. 
Summary of Problem Severity 
The problem is expected to materialize on the test utility 
system (under the stated load and capacity assumptions) in the 
early 1980's for regional load growths not in excess of about 5%. 
Load growths of 5% and above mitigate the impact of the problem to 
the extent that it is of only very minor consequence. With about 
a 4% regional load growth, the problem is reduced to a minimum 
level sometime in the early 1990's with the assumed schedule for 
future non-cycling capacity.  Lower than 4% load growth increases 
the problem intensity and duration in all years studied. The 
lower the forecast, the greater the intensity of the problem and 
the longer into the future it extends. 
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CHAPTER V 
COST OF MINIMUM GENERATION 
AND OPERATING ALTERNATIVES 
Introduction 
Having established a range defining the severity of the 
minimum generation problem on the test utility system, taking into 
account regional relief, the task turns to converting these numbers 
into a range of possible cost impacts on the system. The problem 
severity impacts financially on the system only in as much as  it 
affects operation and dispatch of the system's generating capacity. 
Thus, this chapter discusses how the generating units will operate 
under varying severities of minimum generation problems and esti- 
mate's the impacts of this operation in financial terms.  By compar- 
ing the financial impacts under alternative operating modes one 
can determine the most economic operating mode. 
The Operating Alternatives And Unit Operation 
The reasoning in choosing operating modes is that at low 
loads when generation must be reduced below the system emergency 
minimum level (defined as fossil units at emergency minimum* and 
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□uclear units at full output) the company say take first action in 
two areas; one is to shut down base load fossil units and the 
other is to lower the output of nuclear units.  In order to high- 
light differences between the two operating nethods they were 
treated as two extremes. The first method involves shutting down 
all fossil units on the test utility system in a predetermined 
order and then cycling the nuclear units if necessary. The second 
method involves cycling the nuclear units first and then shutting 
down fossil units if necessary. 
Take special notice that the nuclear cycling referred to here 
only pertains to the nuclear units owned by the test utility. The 
relief supplied by the regional area is with nuclear units at full 
output.  Nuclear cycling only refers to the test utility units 
until the discussions of Chapter VII. 
These two modes can be used to turn the problem severity into 
a tabulation of startups and shutdowns on the fossil units (referred 
to as on/off cycles) and cycles to reduce power on the nuclear 
units.  One example will be followed through this thesis and the 
results of the remainder of the duplicated calculations will be 
reported, without the preponderance of repetitious evidence, at 
the end of this chapter. The example follows the 1985, 2.51 
scenario. 
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The output from the computer prograa describing the problea 
severity conveniently summarizes the occurrences in the for* of 
frequency and magnitude distributions. An example is shown for 
the 1985, 2.5% scenario in Table 2, page 64. 
When fossil units are shut down to cope with problems an 
assumed order is used to maintain a consistency in the results. 
The order is shown in Tables 3 and 4, pages 65 and 66. Assuming 
one of the two operating modes (fossil units shutting down first 
is used here) each occurrence of a given magnitude (in megawatts) 
can be eliminated by shutting down units with a cumulative total 
emergency minimum generation about equal to the megawatt magnitude 
of the occurrence. When all the fossil units are shut down for a 
severe occurrence, then nuclear units are reduced in output. This 
is repeated for all occurrences to derive the completed shutdown 
tabulation. The entire procedure can be repeated for the operating 
mode which assumes nuclear cycling before fossil unit shutdowns. 
The results are shown for the example in Table 5, page 67, and for 
the rest of the cases, in Appendix A, in Tables 10 through 34, 
pages 130 through 154. 
Some of the important points underlying the two operating 
modes chosen are covered next. These points affect the calculations 
just performed and also lead nicely into the calculation of costs 
from the tabulations of shutdowns and cycles. 
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UNIT 
CODE SHUTDOWNS/YR GR01 UP AVG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
18 
16 
13 
18 
17 
15 
36 
33 
28 
32 
53 
54 
10 
10 
- 10 
10 10 
6 
5 
10 
8 
13 
13 
23 
21 22 
83 
82 
8 
8  v 
13 
9 
21 
17 19 
CYCLES 
ENERGY 
ABSORBED 
AVG 
REDUCTION TO 
WEEKDAY WEEKEND TOTAL J?WH X 
NUCLEAR 1 14 15 38 84 
SHUTDOWN FOSSILS FIRST 
1985, 2.5% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 5 
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Nuclear Cycling 
For the purposes of this study nuclear units are assumed to 
generally remain at full output. However, cycling of the 
test utility nuclear units is one of the operating alternatives 
available in the event of minimum generation problems. 
Typical reactor pressure vessel limits are 10,000 cycles to 
75% power and 2,000 cycles to 50% power. This is roughly 
equivalent to a 25% reduction each weekday and a 50% reduction 
each weekend throughout the life of the unit. These guidelines 
lead to the assumption in the study that nuclear units can 
cycle each weeknight to 75% power and on Saturday and Sunday 
nights to 50% power.  The assumption for weekends could lead 
to excessive cycles on the unit if maximum assumed cycles are 
performed for about half the design life of the unit, however, 
load growth and reasonable planning would prevent this circum- 
stance beyond the range of this study. The possible frequency 
and extent of reductions are important assumptions in deter- 
mining how much relief is available to minimum generation 
problems from nuclear cycling. 
Fuel considerations limit the rates of power change. The 
rates of power changes are important in evaluating lost 
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nuclear output the day following a reduction. The reduced 
output during and following a cycle is responsible for the 
major cost in cycling. 
Fossil Cycling 
The other operating alternative available to alleviate minimum 
generation problems is to shutdown fossil units and restart 
them the following day. For this alternative, it is assuaed 
that fossil units will shutdown in a predetermined succes- 
sion. The logic used to determine the order is that the 
biggest units should be shutdown first. This order provides 
the most benefit to minimum generation problems with the 
fewest fossil unit cycles and also indicates the greatest 
impact on the large supercritical units which, because of 
their high minimums, are the logical choices for possible 
modifications (to be studied in Chapter VI.) 
A brief review of load shape indicates that the load reaches 
a minimum at roughly 4 AH and begins picking up again at 
roughly 6 AM. These observations lead to the assumption that 
the last unit will come off line at A AM and be needed back 
on line no sooner than 6 AM. From plant data, load pick up 
curves were approximated for each unit to determine when they 
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can be at full load after a shutdown and to determine the 
resulting energy deficiencies.  These deficiencies enter into 
the cost analysis. 
Cost Analysis 
The operating alternatives are procedures which are not 
normally envisioned as financially beneficial to a company's 
operations.  Indeed these special procedures, which could be 
invoked in the event of low load emergencies, do have cost impacts 
above the normal costs of operating. These costs form the basis 
for costing minimum generation problems.  Instead of allowing 
excess energy to accumulate (an untenable situation) fossil units 
are assumed to shutdown and nuclear units are assumed to cycle to 
alleviate excesses described by the profile of the problem. These 
are in addition to the shutdowns and cycles which can be expected 
from normal operation. 
The resulting financial impact is as follows: 
o   Fossil Shutdowns 
increased maintenance costs proportional to the number 
of shutdowns/startups 
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increased outages proportional to the nuaber of shutdowns 
(due to equipment failure and reduced output on pickup 
after a cycle) 
additional fuel cost of fossil units below normal minimum* 
for flame stabilization (for startup and operation at 
emergency minimum) 
Information used to evaluate the foregoing costs was gathered 
and utilized to arrive at costs for fossil unit cycles.  Increased 
maintenance costs were developed from plant interviews and engin- 
eering judgement as a function of unit shutdowns; outages were 
valued at estimated replacement costs of energy and fuel was 
valued at its estimated cost. Other raw data is from standard 
sources. 
o   Nuclear Unit Cycles 
lost output during a reduction for minimum generation 
problems 
lost output during the load pick-up following a cycle 
due to restrictions on the rate of load pick-up 
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These statistics are combined with operating costs and 
replacement energy costs to arrive at a value for lost nuclear 
energy. 
The shutdowns and cycles attributed to each operating mode 
lead to two costs for minimum generation problems associated with 
each scenario. These two costs define a range of costs.  In the 
absence of other alternatives and all other things being equal, 
the least cost alternative would be the appropriate method of 
dealing with future minimum generation problems. This enables a 
decision to be made concerning the appropriate action in the event 
of minimum generation problems and no special preparation for such 
an event. 
The following example shows cost calculations for the alter- 
native of shutting down fossil units first; this will define one 
end of the range referred to. The cost calculations and the 
necessary supporting data for the example are detailed in the 
following tables 6 through 10, pages 73 through 77.  Current year 
dollars are values for the year of the scenario being discussed. 
The costs for the two operating alternatives in the various 
scenarios studied are calculated likewise and are summarized in 
figures 17 and 18, pages 78 and 79. 
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FORMULA: C = M x (^ x N 
C = increased maintenance cost for group in 
millions of current year dollars 
M = percentage increase in maintenance cost for 
group -r 100 
C. = base maintenance cost of group in millions 
of current year dollars 
N = number of units in the group 
CALCULATIONS: 
58 Group 
C = .15 x 14.056 x 3 = 6.33 
m 
6 Group 
C = .10 x 4.937 x 2 =  .99 
m 
83 Group 
C = .14 x 6.529 x 2 = 1.83 
m 
53 Group 
C = 0 
m 
TOTAL (Current Year Dollars) 9.15 million dollars 
TOTAL 1978 dollars 5.7 million dollars 
1985, 2.5% SCENARIO 
FOSSIL UNIT MAINTENANCE COSTS 
TABLE 6 
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FORMULA:  Cf = F x S x N 
C, = increased fuel cost for group in aillions 
of current year dollars 
F = fuel cost per shutdown in Billions of 
current year dollars 
S = average number of shutdowns for the group 
N = number of units in the group 
CALCULATIONS: 
58 Group 
Cf = .0303 x 32 x 3 = 2.91 
6 Group 
Cf = .0127 x 22 x 2 = .56 
83 Group 
Cf = .0113 x 19 x 2 = .A3 
53 Group 
Cf = 0 
TOTAL (current year dollars) 3.9 million dollars 
TOTAL (1978 dollars)        2.43 million dollars 
1985, 2.5% SCENARIO 
FOSSIL UNIT FUEL COSTS 
TABLE 7 
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FORMULA:  C  = C , + C  + C 
o    of   oa   08 Q 
= (Px365xOxN)-KDxOxN)+(RxExSxNxlO~*) 
C  = outage cost for group in Millions of current 
year dollars 
C f = forced outage cost 
C  = maintenance outage cost 
om • 
C  = startup partial outage cost 
P = X  increase in annual forced outage rate f 100 
0 = cost for 1 da. outage in millions of current 
year dollars 
N = number of units in the group 
D = increase in maintenance outages in da. 
R = replacement cost for energy in mills/KWH 
E = energy deficiency on pickup in KWH 
S = average no. of shutdowns for the group 
CALCULATIONS: 
58 Group ,       Q 
C = (.02x365x.14X3)+(5X.14X3)+(5X.14X3)+(4X2.22x10 x33x3xl0"*) 
0
 = 6.05 
6 Group , 
C = (.01x365x.07x2)+(2x.07x2)+(4x.315xl0°x22x2xl0 *) 
0
 = .85 
83 Group ,       Q 
C = (.03x365x.035x2)+(3x.035x2)+(4x.67xl0Oxl9x2xl0"y) 
° = 1.08 
53 Group ,       Q 
CQ = 0 + 0 + (4x.745x10 xl0x2xl0'y) = .06 
TOTAL (current year dollars) = 8.04 million dollars 
TOTAL (1978 dollars) =5.03 million dollars 
1985, 2.5% SCENARIO 
FOSSIL UNIT OUTAGE COSTS 
TABLE 8 
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FORMULA:  C_ = |(E xK )+(YxE xR )+(YxE xR )*(Y xE.R ))10-9 
t     CO     oo     PP   wto 
CF = Nuclear lost energy costs in Billions of 
current year dollars 
E = annual energy deficiency during cycling in KWH 
R = off peak replacement energy cost in nills/KVH 
Y = number of weekday cycles 
E = off peak energy deficiency per cycle on pickup 
in KWH 
E = on peak energy deficiency per cycle on 
pickup in KWH 
R = on peak replacement energy cost in oills/KWH 
Y = number of weekend cycles 
w 
E = E +E (total energy deficiency per cycle on pickup) 
CALCULATION: 
C£ = [(38,000,000x10.76)+(lx.463xl06xl0.76)+ 
(lxl.448xl06x27.86)+(14xl.911xl06xl0.76)110"9 
• = .74 million dollars 
(1978 dollars) = .46 million dollars 
1985, 2.5% SCENARIO 
NUCLEAR ENERGY COSTS 
TABLE 9 
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Costs in millions of 1978 dollars 
Preferential fossil shutdowns: 
Fossil unit maintenance cost = 5.7 
Fossil unit fuel cost = 2.43 
Fossil unit outage cost = 5.03 
Nuclear energy cost = .46 
TOTAL = 13.62 
1985, 2.5% SCENARIO 
COST SUMMARY 
TABLE 10 
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In summary: A description of the problea in terms of the 
capacity and energy excesses is obtained from the EOHZ computer 
program. These statistics are interpreted in terns of fossil unit 
shutdowns and nuclear unit cycles needed to alleviate problems. 
Finally, the cycles and shutdowns are converted into dollars for 
each case studied. 
Evaluation of Operating Alternatives 
From the results of the analysis to this point one can see 
that, over the full range of scenarios covered, minimum generation 
occurrences of any severity have a lower cost impact if the nuclear 
units are cycled preferentially within design limits before fossil 
units are shutdown. This is an important finding because it 
enables operating costs to be saved in the event of minimum genera- 
tion emergencies by establishing a logical cost basis for system 
operation at these low loads. There is still one further question 
to be answered. This concerns the availability of methods to 
lessen costs still more. Two avenues will be investigated in the 
next chapter: 
(1) Attempts to lessen minimum generation problems by alter- 
ing the future generation-load patterns and (2) attempts to 
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mitigate the cost impacts of minimum generation problems with 
modifications to units. 
In reviewing nuclear cycling in more detail, it should be 
noted that the energy output lost in cycling these units is 
expected to be less than about 10% of the total energy output of 
the unit.  Also, the number of cycles, the extent of the cycles 
and the rate of power change during a cycle were all specified in 
this study within the units' design capabilities. Finally, the 
anticipated cycling duty is expected to have no adverse impact on 
the units' operating and maintenance costs, outage frequency or 
duration, life or fuel burnup. 
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V. 
CHAPTER VI 
OPTIONS AVAILABLE IN 
MINIMUM GENERATION SITUATIONS 
Introduction 
The options available are those things which can be done 
aside from the basic operating alternatives in order to decrease 
the magnitude of minimum generation problems and/or eliminate the 
cost impacts of the operating alternatives. As mentioned in 
previous chapters, options can be classified as attempts to modify 
the generation/load pattern or attempts to modify the units. The 
analysis and results of the various options are discussed here one 
by one. 
Summary of Generation/Load Actions 
None of the Generation/Load actions considered in this study 
could singly eliminate exposure to minimum generation problems 
under the lower load growths and none of the actions considered 
seem to be areas for pursuit at this time solely on the basis of 
minimum generation. 
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Summer maintenance on supercritical units provides only minor 
benefits to the problems although an attractive feature is the 
short lead time involved in scheduling summer maintenance. Ex- 
tended shutdowns look economically inattractive from the analysis. 
An energy management/demand management program or pumped storage 
units can provide benefits to minimum generation in proportion to 
how much they build minimum loads but these options are probably 
most effective over the long term. 
Generation/Load Action 
Summer Maintenance 
Since the minimum generation program indicates the bulk of 
load matching problems at light load occurs during the summer, 
any reduction in base load generation during the summer 
period will tend to relieve problems at light loads. The 
relief will be in proportion to the amount of generation 
scheduled out. The maximum impact can be obtained by sched- 
uling generation out during the time of worst problems, the 
summer. The amount of megawatts relief provided by a partic- 
ular unit is equal to the emergency minimum generating level 
of the unit. The larger the emergency minimum generating 
level of a unit, the more attractive a candidate it is 
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for simmer maintenance.  On the test utility system, the 
supercritical units have emergency minimum near 300 MV each 
and the nuclear units have a desired output of near 1000 MW 
per unit. 
This describes the picture from the perspective of minimum 
generation only.  There are other important considerations 
when talking about summer maintenance.  There are two stipu- 
lations pertaining to summer maintenance. They are:  (1) 
making sure that reserves are adequate to cover the installed 
capacity obligation and (2) taking care not to violate either 
the actual provisions or the understanding of any existing or 
future capacity agreements. 
The first stipulation, limiting the summer maintenance to 
capacity that is in excess of the installed capacity obliga- 
tion, limits summer maintenance to roughly one nuclear unit 
or two supercritical units in 1985.  The second stipulation, 
which preserves obligations to supply capacity under any 
present or future agreements effectively discourages summer 
maintenance on a nuclear unit for this specific case studied 
because of such possible involvements. 
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To get a handle on the benefits/costs of summer maintenance 
on a supercritical unit, the case was reviewed in the 2.5% 
scenario for 1985. Summer maintenance has a benefit in 
reducing minimum generation problems and a cost since the 
average replacement cost of energy during the summer may be 
higher than during the traditional fall or spring maintenance 
time.  Based on minimum generation computer runs and cost 
calculations identical to the example in this thesis, the 
benefit of six weeks of summer maintenance on a supercritical 
unit is about 1 million dollars.  The details follow. 
A computer run and calculation was performed as in the 1985, 
2.5% scenario, worked through previously, except for 14 weeks 
of maintenance on a 965 MW unit that was transferred to the 
summer period. These results showed a decrease in minimum 
generation costs of 7.65 million dollars in 1978 costs. 
Based on this, one supercritical unit (300 MW minimum) on 6 
weeks of summer maintenance would have proportional benefits 
as follows: 
; 
7.65 million dollars x QTF x TT= 1 million dollars 
At an estimated 3 mill differential between average fall and 
summer replacement energy costs the differential cost of the 
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lost energy on-peak during this maintenance is just under 1 
million dollars. The cost calculation is as follows: 
1978 cost = (unit max. output)x(capacity factor)x 
(on peak hours)x(cost differential 
between fall and summer maintenance) 
= (750,000 KW)(.8)(15x5x6)(.003) 
= .8 million dollars 
This is a conservative estimate of costs and yields a small 
net benefit of .2 million dollars. 
It should be noted that the estimated 3 mill number could be 
lower under very low load forecasts or higher under high load 
forecasts. Therefore, summer maintenance could look more 
favorable under lower forecasts because of diminished costs 
associated with the maintenance and increased benefits because 
of the more severe problem. 
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Extended Unit Shutdowns 
This option is similar to summer maintenance except that 
fossil-units would be shutdown for an extended period, 20 
weeks according to our assumption.  In this option there is 
considerable benefit to minimum generation problems but these 
are far outweighed by the lost energy on peak during the same 
period.  It can be easily reasoned that if transferring 
maintenance to the summer is only of marginal benefit, then 
energy losses incurred by extending the shutdown period would 
rapidly produce very unfavorable economics especially since 
lost energy after the normal maintenance period ends is 
valued at the full replacement value and not merely the 
differential between seasons. 
The value of the 20 weeks outage can be proportionally 
approximated from the calculations for summer maintenance as 
follows: 
20 
value of 20 weeks = 1 million dollars x —r 
= 3.3 million dollars (1978) 
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The cost of the extra 14 weeks of maintenance (to be added to 
the .8 million dollar cost for 6 weeks maintenance) valued at 
the full replacement cost of energy is: 
(750,000)(.8)(15x5xl4)(.018) = 11.3 million 
1978 dollars 
The economics are obviously discouraging. 
Energy Management/Demand Management 
Specific load shapes are not available to provide the esti- 
mated affects of various EM/DM programs. Therefore, they 
cannot be evaluated specifically for their impact on the 
minimum generation situation. Such EM/DM programs will only 
be effective in aiding minimum generation to the extent that 
they encourage off-peak load growth or transfer peak demand 
to the off-peak periods.  Indeed some conceivable EM/DM 
programs could even aggrevate minimum generation problems if 
they lower minimum loads. 
From this perspective, EM/DM could be of some help to minimum 
generation problems depending on the nature and extent of the 
results of such a program in the 1980's and beyond. Whatever 
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relief is available froa EM/DM will ainiaize the use of other 
options, especially in the long run. 
To get an idea of possible benefits of EH/DM prograas coaputer 
runs and cost calculations were perforaed like the exaaple 
already given. The results show that an increase froa 2.4% 
to 6% in annual growth rate of the test utility ainiaua daily 
loads yields a savings of about 8.5 million dollars per year 
in fossil cycling costs (1978 dollars) if regional relief is 
described by the 1985 2.5% scenario. This would be about 
4.25 million dollars if nuclear units are preferentially 
cycled (this halving relationship is supported by the general 
results of figures 17 and 18, pages 78 and 79). However, the 
uncertainty in the estimates of these costs gives rise to the 
probability of the 8.5 and 4.25 million dollars decreasing to 
about 1 and .5 million dollars respectively if maintenance 
and outage costs are deleted, which is the most reasonable 
assumption for the incremental changes looked at in this 
EH/DM analysis. 
This estimate of a possible benefit of EM/DM prograas would 
also vary considerably if regional relief is varied. 
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Costs of EM/DM programs and their exact nature have been and 
still are the subject of entire studies. Data on the nature 
and cost of possible programs is essential to a complete 
evaluation from a minimum generation perspective.  In addition, 
such an evaluation would only be a fraction of the complete 
story since EM/DM encompasses very broad issues and benefits. 
This discussion indicates that we have gotten as much of a 
feel as possible at this time of benefits of EH/DM to minimum 
generation and that more definitive conclusions or recommen- 
dations concerning EM/DM programs must await more specific 
and detailed studies. 
o   Pumped Storage Hydro Operation 
All existing pumped storage facilities and future pumped 
storage facilities according to the generation expansion 
plans are included in relief of minimum generation probl< 
at 75% of their pumping value as outlined in the chapter on 
assumptions. Additional relief from pumped storage could 
only be realized from new pumped storage units in addition to 
those already planned or from advancing the in-service dates 
of future planned units (for instance 1650 HW of future 
planned pumped storage are possible for 1991 and 1992). 
90 
Because of the long lead times on pumped storage unit* (13-20 
years) new units aside from those already planned cannot be 
a factor during the time frame of our study.  Pumped storage 
is, however, a good long range method of providing for maximum 
utilization of large amounts of base load capacity.  In 
addition, it is probably unrealistic to advance in service 
dates of units not needed until a later date. 
It is seen, therefore, that pumped storage can be of little 
assistance to our problem during the time frame of this study 
aside from what has already been assumed. However, as a long 
term option, pumped storage can provide benefits in proportion 
to their pumping value. 
Summary of Modifications to Units 
Additional oil firing and a main steam bypass were attributed 
benefits on the basis of the amount of relief to minimum generation 
received from them in the 1985, 2.5% scenario.  It was assumed 
that these benefits form levelized annual values subject to escala- 
tion and will reoccur year after year. Then the cost/benefit 
analysis was performed on the basis of the number of years of 
levelized benefits needed in order to break even with construction 
costs. 
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The affect of assuming levelized benefit! at the 1985 level in the 
2.5% scenario is to over estimate benefits for this scenario since 
actual benefits would taper off toward the early 1980's and the 
early 1990's with respect to the 1985 level.  This, however, is 
not a crutial point since the method tends to place a relatively 
high value (due to the assumed values for saved maintenance and 
outage costs as well as to the method of levelizing benefits) on 
benefits and the overall analysis still produces unfavorable 
results for modifications. 
Because of the great uncertainty in load and capacity fore- 
casts, the magnitude and duration of minimum generation problems 
are very difficult to precisely predict.  This creates the situa- 
tion where we are comparing very uncertain, future estimated 
benefits with estimated modification costs that could be definitely 
incurred in the short term future. For these reasons, a unit 
modification must have a relatively short break even time in order 
to be eligible for serious consideration. A "relatively short 
break even time" can be interpreted to be about five years although 
no option will be selected or dropped solely on this basis. Any 
option near this "cutoff" will be scrutinized more closely before 
any conclusions or recommendations are reached keeping in mind 
that the lead time until the problems could materialize enables 
the commitment of capital dollars to be delayed at least two 
years. 
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Modifications to units involve the fossil units and so the 
most favorable case for their justification can be Bade when 
fossil units are on/off cycled preferentially since this will 
maximize the benefits of the modification.  The following is a 
summary of the findings on direct modifications.  Modification 
costs are in 1978 dollars.  Break even times are estimated as 
previously stated. 
Main Steam Bypass - approximate cost/benefit break even 
time, 12 years; it enables fuel consumption with no 
electrical output; cost, about $8 million/unit 
Additional Oil Firing - approximate cost/benefit break 
even time, 5 years; would increase oil consumption 
in the future; cost, about $1.3 million/unit 
Control System Modifications - benefits are unquantifi- 
able, no expected reduction in fossil cycling 
costs; cost range of .l-$3 million/unit 
Flue Gas Reheat - this could break even on a cost/benefit 
basis only after prolonged, severe minimum genera- 
tion problems; cost, about $1 million/unit 
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Direct Ignition of Pulverized Coal - not technically 
feasible for our application at this time 
Sliding Pressure - benefits are questionable 
If fossil unit modifications are evaluated on the basis of 
preferential cycling of nuclear units the benefits are roughly 
halved and the costs remain the same.  On this basis oinimua 
generation problems would have to be proportionately more prolonged 
and severe in order to justify modifications with preferential 
nuclear cycling. 
Modifications to Units 
Where applicable, modifications were considered as being 
applied to the supercritical units. This is because these units 
have the highest emergency minimums which gives them the highest 
potential to reduce problems with a reduction of minimums or by 
cycling. 
On/off cycles on a fossil unit impact primarily on the 
boiler and turbine systems of the unit. Any on/off cycle (exclud- 
ing an emergency dump scheme - see next paragraph) will create 
temperature differentials among the various boiler components and 
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the steam.  These differentials are the root of the on/off cycling 
impact on the boiler and no modifications will prevent this.  To 
some extent, modifications can reduce thermal stresses on the 
turbine by controlling main steam temperature to match turbine 
temperature and thereby minimize the cycling impacts on the turbine 
which are small in proportion to boiler impacts. Therefore, the 
main benefit of a unit modification will be in its ability to 
eliminate on/off cycles by lowering unit minimums or in its ability 
to mitigate turbine impacts of an on/off cycle (boiler impacts are 
uncontrollable except as follows). 
An energy dump scheme is an arrangement which allows a 
reduction or elimination of a unit's electrical output to the 
power grid without a reduction in fuel resource input. 
An energy dump scheme, like the main steam bypass, circum- 
vents the preceding considerations for the boiler because it 
prevents the unit from seeing the on/off cycle.  It essentially 
vents the boiler energy while taking the turbine off line without 
shutting the boiler down.  This produces benefits to minimum 
generation primarily by mitigating the boiler impacts of an on/off 
cycle. 
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With these facts in mind we will consider soae specific 
modifications.  These modifications are considered on the basis of 
their benefits to minimum generation only. Other possible benefits 
are ignored in this analysis. 
o   Main Steam Bypass 
The main steam bypass is a modification which would allow 
main steam to bypass the high pressure turbine and reheat 
steam to bypass the intermediate and low pressure turbines 
(energy dumping). The main advantages of this system to our 
problem is the possibility of taking the turbine off line 
while firing the boiler at the emergency minimum level and 
the improved operating characteristics of the unit at low 
loads. The main disadvantages are the high cost to retrofit 
existing units with the system and the long outage to install 
the system (6 months or more).  Based on standard economics 
calculations, the present worth of lost energy (the outage 
cost) plus the present worth of carrying charges on the 
installation costs for the main steam bypass (the capital 
cost) on the three supercritical units is on the order of $57 
million in 1978. 
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As in previous calculations, the 1985, 2.5% load scenario is 
used to ascertain a levelized annual benefit of a main  steaa 
bypass. This scenario places the benefit of the bypass at 
i 
about $6.4 million per year in 1978 dollars if fossil units 
are on/off cycled preferentially and at about $3.2 Billion 
per year if nuclear units are cycled preferentially.  These 
benefits include an allowance for wasted fuel while the 
bypass is operating along with the savings in fossil unit 
minimum generation costs.  At this rate, minimum generation 
problems of the severity indicative of the 1985, 2.5% scenario 
would have to persist for at least 13 years to have the 
benefits break even with costs if fossils are cycled prefer- 
entially; and if nuclear units are cycled preferentially the 
break even time is about 36 years. 
In addition to the straight forward cost analysis, the Bain 
steam bypass is of questionable feasibility from a broader 
viewpoint because of the inherent energy waste in firing fuel 
in the boiler with the turbine off line.  Regardless of the 
outcome of the cost/benefit analysis the sensitivity of the 
wasting energy issue alone would add support to a decision 
not to install a bypass. 
97 
In addition to the bypass there are also other schemes for 
releasing excess energy that could ostensibly relieve mini 
generation problems (one of these involves a large resistor 
or heat sink to absorb excess energy).  These schemes are 
inconsistent with energy resource conservation objectives. 
Also, the political, social and environmental considerations 
of these alternatives are enough to eliminate then from 
consideration. 
Additional Oil Firing 
This option involves installing an additional level of oil 
guns in the boiler of the supercritical units in order to 
reduce unit minimums by improving fireball stability. While 
reducing unit minimums provides benefits to minimum genera- 
tion by reducing the number of fossil unit shutdowns, the oil 
firing does not eliminate the impact of each shutdown because 
accompanying thermal stresses and corrosion are not avoided 
with this method. This option is a necessity in order to 
maintain safe, stable operation if the supercritical units 
are operated below their stated emergency minimum levels in 
order to alleviate minimum generation problems and no other 
unit modifications are performed. 
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The costs of modifications to permit operation below present 
emergency minimum levels can be compared to the possible 
resultant benefits to minimum generation. This analysis 
follows. 
Additional oil firing has two costs, (1) the capital costs to 
install additional oil firing and (2) the outage cost associ- 
ated with the value of lost energy during the outage needed 
to make the necessary modifications. According to standard 
economics calculations, the total 1978 present worth cost to 
install oil firing in the three large supercritical units is 
approximately $6.7 million.  If the specific case of the 1985 
and 2.5% scenario is used to approximate the levelized annual 
benefit of the increased oil firing to minimum generation, 
the result is about $1.8 million per year in 1978 dollars if 
fossil units are on/off cycled preferentially and about $.9 
million dollars per year if nuclear units are cycled prefer- 
entially (calculations are performed from computer runs as in 
the previous examples).  Based on a present worth evaluation 
of these annual savings subject to escalation and fossil 
units cycled preferentially, 5 years of problems of the 
severity of the 1985, 2.5% scenario would yield a break even 
situation between costs and benefits of additional oil 
firing. On the same basis, with nuclear units cycled prefer- 
entially, the break even time is 10 years. 
99 
ID addition to the cost/benefits estimated here, additional , 
oil firing has an inportant exposure to being unavailable for 
use if future oil supplies are curtailed or if political 
considerations make burning additional oil not feasible. 
Burning more oil is not in line with energy conservation 
objectives. 
Sliding Pressure 
This is a load control scheme where steam is throttled in the 
boiler throttle valves instead of the turbine throttle 
values in order to save the turbine section of the steaa 
cycle from the great temperature differentials experienced in 
cycling.  The relief provided for turbine components, however, 
is at the expense of the boiler and so the net benefits to 
minimum generation are dubious whatever the modification 
expense.  This option was dropped on this basis. 
Direct Ignition of Pulverized Coal 
DIPC is a new method to ignite coal directly instead of 
injecting it into a fireball for ignition. With DIPC each 
burner sustains ignition independent of the fireball. This 
option has some potential to reduce unit minimums with 
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better control of the coal burning process, however, it is 
still in the development stages with proven feasibility for 
our application out of range of this study. For this reason 
this option is dropped from consideration. 
Miscellaneous Modifications 
If fossil units are going to be required to cycle on and off 
on a regular basis, there are several small modifications 
which have unquantifiable advantages in the ease and safety 
of operation. 
The following items are control modifications which would 
permit easier, safer and more reliable on/off cycling of 
fossil units. They are not expected to reduce the costs of 
cycling fossil units and so no detailed investigations were 
performed. 
1. provide automatic control at loads below 30% of maximum 
continuous rating 
2. improve the low to high range feedwater flow transfer 
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3. improve feedwater flow control when removing one string 
of pumps 
4. improve critical low load value transfers (boiler 
throttle to boiler throttle bypass and boiler extraction 
to boiler throttle bypass) 
5. improve the transfer from feedwater bypass to speed 
control 
6. provide new igniters 
These six items could cost on the/order of $1 million total 
per unit in 1978 dollars. 
7.  improve flame scanner reliability 
This improvement could cost on the order of $2 million per 
unit in 1978 dollars. 
If minimum generation necessitates prolonged operation at 
less than half load (which is not currently anticipated) or 
if very frequent startups are foreseen (only a possibility 
under the worst scenarios) then flue gas reheat could be 
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utilized as a means of easing the impacts of such operation 
on the precipitator.  The main impacts would be acid corro- 
sion of the precipitator and high maintenance costs.  The 
approximate 1978 cost for the flue gas reheat modification to 
a supercritical unit is about $1 million per unit. 
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CHAPTER VII 
EXPOSURES 
This chapter examines certain exposures in this study so that 
one may assess their impact on the results, conclusions or recom- 
mendations contained in this report. The topics, not necessarily 
related, are treated in successive discussions that follow. 
I 
Here is a brief synopsis of the findings of this chapter. 
o   Nuclear unit cycling seems to be a viable option at this 
time. 
o   Even for no increase in fossil unit O&M costs due to fossil 
shutdowns/startups, preferential nuclear unit cycling remains 
the economically preferred alternative. 
o   The possibility of catastrophic failure of equipment can be 
minimized with preferential nuclear unit cycling. 
o   Cycling all regional nuclear units could nearly eliminate 
exposure to minimum generation problems. 
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Early morning pickup and meeting peak load requirements are 
not expected to be a problem in the region studied. 
Fossil unit shutdown order has little impact on minimum 
generation costs. 
Minor adjustments in fossil unit shutdowns can eliminate the 
need for auxiliary steam supplies for simultaneous startup of 
units. 
Uncertainty surrounding the future availability of oil casts 
uncertainty on any alternative or option which increases oil 
use. 
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Nuclear Unit Cycling 
At this time, it is believed that the frequency and extent of 
cycling and the rate of change of power level are within conserva- 
tive limits such that the major impact of the cycling can be 
measured in terms of the lost energy during and following a cycle. 
Increased O&M is expected to be small in comparison.  There is 
expected to be no increase in unit outages whether due to increased 
risk of losing the unit during a cycle or due to extended outages 
for equipment repair. 
The most significant unknown in nuclear unit cycling is the 
problem with stress corrosion cracking. These are small hairline 
cracks in heat affected areas of certain types of steel pipe. The 
mechanism creating this problem is not completely understood at 
this time. Nevertheless, there is some unknown exposure to aggra- 
vating the stress corrosion cracking problem by cycling the units, 
although at this time there is no basis for measuring this exposure 
or comparing it to the forces already at work in creating the 
problem.  Based on current knowledge it is judged that the stress 
corrosion cracking problem should not be a negative factor in the 
decision whether or not to cycle nuclear units. 
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Another area for nention is that of operating restriction* to 
cycling the units.  Our assumptions include the possibility of 
regular 50% reductions on weekends.  Regular reductions of this 
magnitude, however, are not desirable from an operating viewpoint 
since they require insertion of control rods.  The limit on reduc- 
tions due to operating considerations is 40% although from an 
equipment and fuel viewpoint, 50% reductions are allowable. 
A final area worthy of note is that of the minute by minute 
details of a nuclear unit reduction or increase in power. This 
area was not covered in the study but it suffices to point out 
that load changes should follow general load trends and be orderly 
and uniform and that the unit should not be utilized to follow 
short duration fluctuations in load. This is desirable in order 
to minimize the impact of cycles. 
Sensitivity to Operating and Maintenance Cost Estimates 
The cost summary of table 10, page 77, indicates the dominant 
component of fossil shutdown costs is the increased fossil unit 
maintenance cost.  Unfortunately, the most uncertain estimate 
going into the fossil cycling costs is the estimate of increased 
maintenance costs.  This raises the question of the affect of 
these estimates on the study results. Certainly, varying the 
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estimates will change the minimum generation costs but the important 
point to investigate is whether or not the changes in costs affect 
any of the decisions that have been based on these numbers. Two 
major decision areas should be looked at:  (1) the decision about 
whether to preferentially cycle nuclear units or preferentially 
shutdown fossil units and (2) the decision about whether or not to 
adopt any of the available options to cope with minimum generation 
problems. 
The increases in maintenance costs vary linearly with the 
increased yearly on/off cycles up to about a 60% increase in 
maintenance for 125 additional cycles on the supercritical units. 
In addition the assumed function of increased maintenance cost vs 
cycles was varied by about +65% to about -40% in the 1.9% scenario. 
Since these increases are substantial, the main exposure 
would be to lower increases than assumed.  Lower increases would 
proportionately decrease the benefits of any option considered 
which discourages action on any option.  Since all options are 
border line at best, the exposure to lower maintenance costs on 
fossils only makes them less attractive. 
Also, lower increases could affect the decision whether or 
not tVcycle nuclear units preferentially. A quick look verifies 
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that even if maintenance costs remain unchanged with increased 
fossil unit on/off cycles the economics of preferential nuclear 
unit cycling remain more beneficial than preferentially cycling 
fossil units although the margin of benefit is diminished. 
Higher maintenance than assumed would merely increase the 
margin of benefit for preferential cycling of nuclear units. The 
example followed through this thesis verifies these conclusions. 
Catastrophic Failures 
With an increased cycling duty on the fossil units there is 
some exposure to the catastrophic failure of a major unit component 
that could necessitate a long outage and substantial capital and 
maintenance costs. 
This exposure is minimized with the choice to preferentially 
cycle nuclear units. Because of the nature of these major events 
there is no way to predict their occurrence or make an accounting 
of their costs in the analysis. • 
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Cycling of All Regional Nuclear Units 
This study was done on the basis of all regional nuclear 
units operating at full output. This is the nost reasonable 
assumption in view of the general reluctance to cycle these units 
unnecessarily although a few presently operating will reduce 
output by a small percentage on cost. 
Computer runs verify that if the region decides to extend 
their cooperative efforts in minimum generation circumstances to a 
planned reduction of nuclear units according to the guidelines 
recommended in this report then nearly all of the minimum generation 
# 
problems of the region could be eliminated.  This points out the 
large contribution of nuclear unit output to the emergency minimum 
level of generation and supports the idea that minimum generation 
problems hinge on the amount of nuclear generation relative to the 
loads.  The example followed in this thesis supports this conclusion. 
The conclusion can be verified with a quick hand calculation 
showing that the magnitude of the worst problem is less than 40% 
of the nuclear generation (the amount that would be reduced by 
nuclear cycling on a weekend when the worst problems occur.) 
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- From Table 2, page 64, the worst problea is a maximum excess 
of about 1650 MW. The amount of regular nuclear generation reduc- 
tions possible in 1985 is: 
14619 MW x .4 = 5847.6 MW 
Indeed, the problem could be much more severe and still 
nuclear cycling would cover the generation excesses. 
This easily demonstrates how cycling of all nuclear units can 
relieve minimum generation problems. 
Load Pickup and Meeting Peak Loads 
Base load units may be slow returning to service after a 
shutdown or outages may delay a unit's return to service. This 
situation has the potential to create problems during morning load 
pickup times and peak load times if a capacity shortage material- 
izes. However, because of sufficient reserves in most inter- 
connections, this is not expected to be a problem. A detailed 
analysis of this situation would be a topic for additional work. 
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Fossil Unit Shutdown Order 
All minimum generation costs are based on a predetermined 
order for shutting down fossil units. The logic for this order 
was reported in Chapter V, however, no attempt was made to optimize 
the shutdown order. 
In order to investigate the affect of the assumed shutdown 
sequence on results, the 1985, 2.5% scenario was "reworked" with 
the order completely reversed, in other words, the units with low 
emergency minimums were shutdown first in minimum generation 
situations.  This has the effect of maximizing the number of 
fossil unit shutdowns on the system. 
The cost of fossil unit cycling with the "biggest to smallest" 
shutdown order in the 1985, 2.5% scenario is $14 million in 1978 
costs.  If the shutdown order is revised the cost changes to $15 
million, an insignificant difference.  These results lead to the 
conclusion that our results are stable with respect to changes in 
fossil unit shutdown order. 
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Auxiliary Steam Supplies 
The assumptions of the study specify the shutdown of all 
fossil units in succession for problems of increasing severity. 
This would shutdown entire stations and necessitate a staggered 
start for some units creating an excessive delay in bringing units 
on line to meet the following day's peak.  In order to operate 
according to the assumptions, auxiliary steam supplies would be 
needed at the affected plants at an expense of several million 
dollars. This expense can be avoided by altering shutdown assump- 
tions to maintain key units on line for all cases. This has the 
impact of causing more nuclear unit cycling to replace the fossil 
unit cycles, however the results indicate that a shift from fossil 
cycling to nuclear cycling has cost benefits. From this we can 
conclude that auxiliary steam is not the desired action as long as 
there is no reluctance to increasing exposure to nuclear unit 
cycling. 
Future Oil Use Curtailments 
The volatile nature of oil supply due to shortage or regula- 
tion creates uncertainty surrounding any actions which increase 
dependence on this resource. Any actions which lean in 
113 
the direction of increased oil use therefore will encoapass greater 
risk because of this.  Cycling of fossil units and Modifications 
for additional oil firing are two actions which would increase oil 
use. 
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CHAPTER VIII 
CONCLUSIONS 
Timing and Severity 
o   Predictions of minimum generation problems cover a wide 
range. With 5.2% regional load growth and assumed capacity 
installations, there is no predicted problem.  With less than 
1% regional load growth and assumed capacity installations 
and a utility load growth of 1.3%, the predicted utility 
problem could cost as much as about 40 million dollars per 
year over the 1982-1990 period (or about 20 million dollars 
per year if nuclear units are preferentially cycled.) 
o   The primary factor in determining the utility's problem is 
the amount of regional relief available which is a result of 
regional load growth and capacity installations. 
The case of the utility with no regional relief shows 
severe minimum generation problems even with 6% annual 
utility load growth. Lower utility load growths determine 
problems of increasing severity. These problems vanish 
if the region experiences 5.2% load growth with the 
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assumed capacity installations.  It is seen that, for a 
given set of capacity installations, the relationship 
between utility/interconnection load growth is very 
important. 
o   All other things being equal, minimum generation problems 
become more severe and last longer (measured in years) (1) 
with increasingly low load forecasts and (2) with increasing 
quantities of in-service base load capacity especially nuclear 
i 
units because of their high desired output. 
The basic variables are the actual future utility/regional 
' base load capacity installations and the performance of 
'- ■ ■ ■ - / 
such capacity, and the actual future utility/regional 
load. These variables combine to determine the exposure 
to problems. 
Nuclear Cycling 
o   Across the range of load growths studied and for the full 
range of assumed fossil maintenance costs, preferentially 
cycling nuclear units within design limits, is expected to be 
more economical than preferentially shutting down fossil 
units. 
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The cost of shutting down fossil units to meet minii 
loads and restarting then to meet subsequent peaks is 
greater than the cost of reducing nuclear output by 25 
to 50% to meet minimum loads.  The fossil cycling costs 
include the costs of startup and shutdown, oil consump- 
tion for operation at emergency minimums and outages. 
In addition, fossil unit on/off cycling haB a significant 
exposure to large increases in fossil unit maintenance 
costs which would increase the economic benefits of 
preferential nuclear unit cycling. The cost of nuclear 
cycling is predominantly the cost of the energy lost 
during a load reduction and during the subsequent load 
pickup. 
The nuclear unit cycling limits assumed in this study are 
reasonable expectations for actual plant operating capabil- 
ities.  In addition, such operation is not expected to 
adversely impact on plant maintenance costs, plant availabil- 
ity, plant life or fuel burnup. 
Design capability  -   10,000 cycles to 75% output through- 
out the design life, 2,000 cycles to 
50% output throughout the design 
life. Rates of changes limited by 
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fuel preconditioning and zenon 
burnout. 
A cycle to 60% output is available 
with recirculation flow adjustment 
and no shift in control rod pattern. 
The 60% limit is desirable froai an 
operating viewpoint. 
Assumptions       -   cycle to 75% as needed each weekday 
cycle to 50% as needed each day on 
a weekend (twice each weekend would 
exhaust the design capability in 
half the unit design life) 
These assumptions are expected to yield total lifetime 
cycles within the design capabilities except for the lowest 
load growth cases where it is assumed some alleviating action 
would be taken.  It is also assumed that capacity installations 
beyond the range of this study will be such that they will 
not aggravate minimum generation problems and so there is not 
expected to be an exposure to minimum generation cycling 
throughout the life of a nuclear unit. 
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Coal Unit Modifications 
The supercritical units have the highest emergency minimum* 
and therefore the greatest potential of reducing ainiaua generation 
problems or of mitigating the impact of problems. For these 
reasons modifications were evaluated with respect to the super- 
critical units. 
o   If nuclear units are preferentially cycled, no fossil unit 
modifications have benefits which make them attractive at 
this time. 
The benefits of a major fossil unit modification are 
based on on/off cycling of fossil units and so preferen- 
tial cycling of nuclear units reduces the benefits and 
logic of major fossil unit modifications. 
o   If the coal units are preferentially cycled, some modifications 
could have benefits which yield attractive break-even times 
depending on the severity of minimum generation problems. 
Each modification is discussed below. 
o   Except for very severe and prolonged minimum generation 
problems, the main steam bypass is not economically desirable. 
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Furthermore, when used to provide maximum relief it wastes 
fossil fuels by consuming them with no electrical output. 
For preferential fossil cycling and benefits measured in 
the 2.5% load growth scenario, the break-even time for 
the main steam bypass is 13 years. 
o   Additional oil firing is not a desirable option because of 
1 
the uncertainties surrounding future oil use. 
From an economic viewpoint, modifications for additional 
oil firing could be an acceptable means of easing the 
minimum generation problems by lowering supercritical 
unit minimums. Acceptability based on economics hinges 
on the benefits which depend on the severity of the 
problem and the decision whether or not to cycle fossil 
units before nuclear units. 
o   If the entire fossil system is cycled as specified in the 
assumptions (entire stations shut down and simultaneously 
restarted) auxiliary steam supplied could be required for 
startup at some stations. However, rearranging the shutdown 
pattern is the cheapest way of alleviating this problem. 
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o   Direct ignition of pulverized coal is not technically available 
for application at this time and sliding pressure has doubtful 
net benefits. 
o   Control system modifications are not expected to significantly 
reduce the costs of cycling the fossil units. 
The benefits of control system modifications are ease 
and safety of operation and thus are not readily quanti- 
fiable. 
o   The need for flue gas reheat is not anticipated except under 
very severe and prolonged minimum generation problems. 
Extended operation at low loads or frequent startups 
could cause environmental compliance problems and/or 
excessive precipitator corrosion at involved fossil 
units. Flue gas reheat would mitigate these problems 
but exposure to these complications is small. 
o   For any cases where fossil units are on/off cycled, there may 
be increased energy costs during the following morning load 
pickup but there is expected to be sufficient capacity to 
meet the load pickup with some combination of units. 
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Base load units may be slow returning to service after a 
shutdown or outages may delay a unit's return; however, 
there is expected to be enough cycling capacity to Bake 
up this deficiency. 
A detailed analysis of the entire load pickup situation 
requires an in depth analysis with participation froa 
all interconnection companies. 
Additional Regional Relief 
o   Normal operating procedures provide for operation down to 
emergency minimums on all units and cooperation between 
companies for reductions below their own load or emergency 
minimums. 
Reduction to emergency minimums by all units is an 
assumption of this study which is reinforced by the 
agreements. Cooperation below emergencies could point 
to possible regional relief in excess of current assump- 
tions, however, there would be provisions for expenses 
incurred by others to aid local problems. 
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V 
o   Cycling all regional nuclear units to the extent recoaaended 
in this thesis would eliminate most exposures to minima 
generation problems. ^ 
Other Options for Minimum Generation Relief 
o   An EM/DM Program which would increase the test utility minimum 
loads would provide only limited relief to the minimum gener- 
ation problem because of the insensitivity of the minimum 
generation problem to the isolated utility growth rate. 
The actual relief available depends on the severity of 
the problem, determined primarily by regional load 
growths and capacity additions, and the amount of load 
added to the minimums. For a problem severity described 
by the 2.5% load growth scenario, increasing the test 
utility's annual minimum loads (over the period 1977 
thru 1985) at a rate of 6% compared to 2.4% reduces the 
projected number of minimum generation occurrences in 
1985 from about 40 to 30, for which the estimated dollar 
benefit ranges between $1 and $3 millions/yr. in the aid 
to late 1980's. 
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o   Summer maintenance of the test utility nuclear units is not a 
viable option for relief because of the complications of 
joint ownership of the units. 
Summer maintenance could deprive owners of capacity to 
meet their summer obligations. 
o Summer maintenance on a supercritical unit could provide some 
minor relief of minimum generation problems, depending on the 
severity/duration of minimum generation problems. 
In scheduling summer maintenance on fossil units, a 
utility must maintain enough reserves to supply capacity 
obligations to itself and others. The major cost of 
summer maintenance is the possible higher outage cost 
during the summer months as compared to fall or spring 
months.  In addition, the benefit of summer maintenance 
is probably small. 
o   Utilization of existing pumped storage units to relieve 
future minimum generation problems provides assistance in 
proportion to the amount of pumping load provided; however, 
it does not completely eliminate other than minor problems. 
The lead time for future pumped storage units (12 to 15 
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years) precludes it from consideration as a short term 
solution. 
Current assumptions account for relief froa existing 
pumped storage units at 75% of their pumping rating. 
o   Extended fossil unit shutdowns have costs far in excess of 
benefits to minimum generation based on on-peak replacement 
4 
energy costs projected for the future. 
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CHAPTER IX 
RECOMMENDATIONS 
o In the event of the need for the test utility to reduce 
generation below emergency minimum levels, it should be 
accomplished by preferentially cycling nuclear units as 
follows: 
1. Reduce nuclear output within recommended limits as the 
next step when all fossil units are at emergency miniauas 
The recommended limits: 
a) a 25% reduction no more than once each weekday 
b) a 40% reduction no more than twice each weekend 
c) rates of power level change limited by fuel precon- 
ditioning and zenon burmont restrictions 
2. Reductions in generation in excess of the nuclear capa- 
bility should be accomplished by taking fossil units off 
line according to a determined plan. 
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o   No commitment to coal unit modifications is recommended at 
this time. 
o Specific EH/DM programs should be developed and analyzed to 
determine the lead time for results and the impact on daily 
minimum loads. Then, these programs should be evaluated to 
assess their impact on minimum generation problems. 
o   A regional commitment to unified, planned cooperation among 
members during low load emergencies, especially with respect 
to nuclear cycling, should be promoted. 
o   The region should monitor projections and changes in load 
growths, capacity additions, load shapes and operating philo- 
sophies in order to make timely updates of the minimum gener- 
ation situation and review these recommendations. 
o   The possibility of interpool sales for relief of miniaum 
generation problems should be pursued with surrounding inter- 
connections. This area is a topic for further study. 
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APPENDIX A 
UNIT SHUTDOWN/CYCLING TABULATIONS 
UNIT CODE SHUTDOWNS/YR GROUP A VG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
0 
0 
0 
2 
1 
1 
2 
1 
1 
1 
53 
54 
0 
0 
- 0 
0 0 
6 
5 
0 
0 
1 
1 
1 
1 1 
83 
82 
0 
0 
1 
1 
1 
1 1 
CYCLES 
ENERGY 
ABSORBED 
GWH 
AVG. 
RED. TO 
WEEKDAY WEEKEND TOTAL X 
Nuclear 0 0 0 0 0 
SHUTDOWN FOSSILS FIRST 
1985, 5.2X SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 10 
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UNIT CODE SHUTDOWNS/YR GROUP AVG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
0 
53 
54 0 
6 
5 0 
83 
82 0 
Nuclear 
CYCLES 
WEEKDAY  WEEKEND  TOTAL 
0       2      2 
ENERGY    AVG. 
ABSORBED RED. TO 
GWH 
3 60 
CYCLE NUCLEAR FIRST 
1985, 5.2% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 11 
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UNIT CODE SHUTDOWNS/YR GROUP A VG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
0 
0 
0 
3 
3 
3 
3 
3 
3 
3 
53 
54 
0 
0 
- 0 
0 0 
". 
6 
5 
0 
0 
i 
3 
3 
3 
3 3 
83 
82 
0 
0 
3 
3 
3 
3 3 
CYCLES 
ENERGY 
ABSORBED 
GWH 
AVG. 
RED. TO 
WEEKDAY WEEKEND TOTAL % 
Nuclear 1 2 3 1 85 
SHUTDOWN FOSSILS FIRST 
1982, 4% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 12 
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UNIT CODE SHUTDOWNS/YR GROUP AVG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
0 
53 
54 0 
6 
5 0 
83 
82 0 
Nuclear 
CYCLES 
WEEKDAY  WEEKEND  TOTAL 
13       4 
ENERGY    AVG. 
ABSORBED RED. TO 
GWH 
6 50 
CYCLE NUCLEAR FIRST 
1982, 4% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 13 
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UNIT CODE SHUTDOWNS/YR GROUP A VG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
2 
2 
2 
8 
7 
5 
10 
9 
7 
9 
53 
54 
0 
0 - 
0 
0 0 
6 
5 
0 
0 
4 
4 
4 
4 4 
83 
82 
0 
0 
4 
3 
4 
3 4 
CYCLES 
ENERGY 
ABSORBED 
GWH 
AVG. 
RED. TO 
WEEKDAY WEEKEND TOTAL X 
Nuclear 1 3 4 4 89 
SHUTDOWN FOSSILS FIRST 
1985, 4% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 14 
134 
UNIT CODE SHUTDOWNS/YR GROUP A VG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
0 
0 
0 
4 
4 
1 
4 
4 
1 
3 
53 
54 
0 
0 - 
0 
0 0 
6 
5 
0 
0 
0 
0 
0 
0 0 
83 
82 
0 
0 
0 
0 
0 
0 0 
CYCLES 
ENERGY 
ABSORBED 
GWH 
AVG. 
RED. TO 
WEEKDAY WEEKEND TOTAL * 
Nuclear 5 7 12 15 63 
CYCLE NUCLEAR FIRST 
1985, 4% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 15 
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UNIT CODE SHUTDOWNS/YR GROUP A VG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
1 
0 
0 
1 
0 
0 
2 
0 
0 
1 
53 
5A 
0 
0 
0 
0 
0 
0 0 
6 
5 
0 
0 
0 
0 
0 
0 0 
83 
82 
0 
0 
0 
0 
0 
0 0 
CYCLES 
ENERGY 
ABSORBED 
GWH 
AVG. 
RED. TO 
WEEKDAY WEEKEND TOTAL % 
Nuclear 0 0 0 0 0 
SHUTDOWN FOSSILS FIRST 
1990, 4% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 16 
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UNIT CODE SHUTDOWNS/YR GROUP A VG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
4 
3 
3 
13 
12 
9 
17 
15 
12 
15 
53 
54 
2 
2 - 
2 
2 2 
.  6 
5 
2 
2 
9 
9 
11 
11 11 
83 
82 
2 
2 
9 
7 
11 
9 10 
CYCLES 
ENERGY 
ABSORBED 
GWH 
AVG. 
RED. TO 
WEEKDAY WEEKEND TOTAL X 
Nuclear 5 8 13 17 81 
SHUTDOWN FOSSILS FIRST 
1982, 2.5% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 17 
137 
UNIT CODE SHUTDOWNS/YR GROUP A VG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
2 
2 
2 
6 
5 
3 
8 
7 
5 
7 
53 
54 
0 
0 - 
0 
0 0 
6 
5 
0 
0 
% 
0 
0 
0 
0 0 
83 
82 
0 
0 
0 
0 
CYCLES 
0 
0 0 
ENERGY 
ABSORBED 
GWH 
AVG. 
RED. TO 
WEEKDAY WEEKEND TOTAL\ X 
Nuclear 11 15 26 28 62 
CYCLE NUCLEAR FIRST 
1982, 2.5% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 18 
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UNIT CODE SHUTDOWNS/YR GROU1 P AVG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
18 
16 
13 
18 
17 
15 
36 
33 
28 
32 
53 
54 
10 
10 
- 10 
10 10 
6 
5 
10 
8 
13 
13 
23 
21 22 
83 
82 
8 
8 
13 
9 
CYCLES 
21 
17 
ENERG 
ABSORB] 
GWH 
19 
Y    AVG. 
ED RED. TO 
WEEKDAY WEEKEND TOTAL X 
Nuclear 1 14 15 38 84 
SHUTDOWN FOSSILS FIRST 
1985, 2.5% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 19 
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UNIT CODE SHUTDOWNS/YR GROUP A VG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
11 
5 
4 
11 
9 
6 
22 
14 
10 
15 
53 
54 
0 
0 
- 0 
0 0 
6 
5 
0 
0 
1 
1 
1 
1 1 
83 
82 
0 
0 
1 
0 
1 
0 1 
CYCLES 
ENERGY 
ABSORBED 
GWH 
AVG. 
RED. TO 
WEEKDAY WEEKEND TOTAL X 
Nuclear 32 21 53 89 67 
CYCLE NUCLEAR FIRST 
1985, 2.5% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 20 
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UNIT CODE SHUTDOWNS/YR GROUP A' VG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
13 
11 
8 '• 
15 
13 
13 
28 
24 
21 
24 
53 
54 
i 
1 
1 - 
1 
1 1 
6 
5 
1 
0 
6 
6 
7 
6 7 
83 
82 
0 
0 
6 
4 
6 
4 5 
/ CYCLES 
ENERGY 
ABSORBED 
GWH 
AVG. 
RED. TO 
WEEKDAY WEEKEND TOTAL X 
Nuclear 2 4 6 6 88 
SHUTDOWN FOSSILS FIRST 
1990, 2.5% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 21 
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UNIT CODE SHUTDOWNS/YR GROUP A VG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
6 
4 
0 
4 
1 
0 
10 
5 
0 
5 
53 
54 
0 
0 
0 
0 
0 
0 , 0 
6 
5 
0 
0 
0 
0 
0 
0 0 
83 
82 
0 
0 
0 
0 
0 
0 0 
CYCLES 
ENERGY 
ABSORBED 
GWH 
AVG. 
RED. TO 
WEEKDAY WEEKEND TOTAL X 
Nuclear 24 18 52 55 67 
CYCLE NUCLEAR FIRST 
1990, 2.5% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 22 
142 
UNIT CODE SHUTDOWNS/YR GROUP A VG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
11 
11 
10 
18 
16 
13 
29 
27 
23 
26 
53 
54 
9 
9 - 
9 
9 9 
6 
5 
9 
6 
12 
12 
21 
18 20 
83 
82 
6 
6 
12 
12 
18 
18 18 
CYCLES 
ENERGY 
ABSORBED 
GWH 
AVG. 
RED. TO 
• WEEKDAY WEEKEND TOTAL % 
Nuclear 10 13 23 54 "4 80 
SHUTDOWN FOSSILS FIRST 
1982, 1.9% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 23 
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UNIT CODE SHUTDOWNS/YR GROUP A VG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
4 
2 
2 
12 
10 
5 
16 
12 
7 
12 
53 
54 
0 
0 
- 0 
0 0 
6 
5 
0 
0 
3 
3 
3 
3 3 
83 
82 
0 
0 
3 
3 
3 
3 3 
CYCLES 
ENERGY 
ABSORBED 
GWH 
AVG. 
RED. TO 
WEEKDAY WEEKEND TOTAL X 
Nuclear 22 22 44 70 65 
CYCLE NUCLEAR FIRST 
1982, 1.9% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 24 
144 
UNIT CODE SHUTDOWNS/YR GROUP A VG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
39 
32 
29 
■* J 35 
31 
28 
74 
63 
57 
65 
53 
54 
22 
22 
- 22 
22 22 
6 
5 
22 
17 
22 
22 
44 
39 42 
83 
82 
17 
17 
22 
18 
39 
35 37 
CYCLES 
ENERGY 
ABSORBED 
GWH 
AVG. 
RED. TO 
WEEKDAY WEEKEND TOTAL % 
Nuclear 20 26 46 101 86 
SHUTDOWN FOSSILS FIRST 
1985, 1.9% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 25 
145 
UNIT CODE SHUTDOWNS/YR GROltf AVG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
23 
17 
7 
17 
12 
5 
40 
29 
12 
27 
53 
54 
1 
1 
- 1 
1 1 
6 
5 
1 
0 
1 
1 
2 
1 2 
83 
82 
0 
0 
1 
»o 
CYCLES 
1 
0 1 
ENERGY    AVG. 
ABSORBED RED. TO 
WEEKDAY WEEKEND TOTAL GWH      X 
Nuclear 60 51 111 225      68 
\ 
CYCLE NUCLEAR FIRST 
1985, 1.9% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 26 
146 
UNIT CODE SHUTDOWNS/YR GROUP A' VG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
26 
25 
21 
35 
28 
25 
61 
53 
46 
53 
53 
54 
15 
15 - 
15 
15 15 
6 
5 
15 
2 
14 
14 
29 
16 23 
83 
82 
2 
2 
14 
11 
16 
13 15 
CYCLES 
ENERGY 
ABSORBED 
GWH 
AVG. 
RED. TO 
WEEKDAY WEEKEND TOTAL X 
Nuclear 7 14 21 38 87 
SHUTDOWN FOSSILS FIRST 
1990, 1.9% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 27 
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UNIT CODE SHUTDOWNS/YR GROUP A VG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
18 
16 
1 
12 
4 
0 
30 
20 
1 
17 
53 
54 
0 
0 - 
0 
0 0 
6 
5 
0 
0 
0 
0 
0 
0 0 
83 
82 
0 
0 
0 
0 
0 
0 0 
CYCLES 
ENERGY 
ABSORBED 
GWH 
AVG. 
RED. TO 
WEEKDAY WEEKEND TOTAL X 
Nuclear 43 46 89 149 68 
CYCLE NUCLEAR FIRST 
1990, 1.9% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 28 
148 
UNIT CODE SHUTDOWNS/YR GROUP A' VG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
30 
27 
24 
26 
25 
20 
56 
52 
44 
51 
53 
54 
22 
22 
- 22 
22 22 
6 
5 
22 
21 
17 
17 
39 
38 39 
83 
82 
21 
21 
17 
17 
38 
38 38 
CYCLES 
ENERGY 
ABSORBED 
GVH 
AVG. 
RED. TO 
WEEKDAY WEEKEND TOTAL % 
Nuclear 29 24 53 161 76 
SHUTDOWN FOSSILS FIRST 
1982, .9% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 29 
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UNIT CODE SHUTDOWNS/YR GROUP A1 VG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
13 
10 
8 
20 
15 
12 
33 
25 
20 
26 
53 
54 
4 
4 - 
4 
4 4 
/ 
6 
5 
4 
2 
9 
9 
13 
11 12 
83 
82 
2 
2 
9 
6 
11 
8 10 
CYCLES 
ENERGY 
ABSORBED 
GWH 
AVG. 
RED. TO 
WEEKDAY WEEKEND TOTAL % 
Nuclear 47 35 81 170 68 
CYCLE NUCLEAR FIRST 
1982, .9% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 30 
150 
UNIT CODE SHUTDOWNS/YR GROUP A VG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
95 
86 
70 
46 
42 
34 
141 
128 
104 
124 
53 
54 
55 
55 - 
55 
55 55 
6 
5 
55 
38 
26 
26 
81 
64 73 
83 
. 82 
38 
38 
26 
24 
CYCLES 
64 
62 63 
ENERGY 
ABSORBED 
GWH 
AVG. 
RED. TO 
WEEKDAY WEEKEND TOTAL % 
Nuclear 45 '36 " 81 320 83 
SHUTDOWN FOSSILS FIRST 
1985, .9% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 31 
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UNIT CODE SHUTDOWNS/YR GROUP A VG. 
WEEKDAYS WEEKENDS TOTAL 
58 50 32 82 
57 39 22 61 59 
7 22 12 34 
53 6 _ 6 6 54 6 - 6 
6 6 4 10 8 
** 
5 2 4 6 
83 
82 
2 
2 
4 
1 
6 
3 5 
• 
ENERGY AVG. 
CYCLES ABSORBED 
GWH 
RED. TO 
WEEKDAY WEEKEND TOTAL % 
Nuclear 130 74 204 495 71 
CYCLE NUCLEAR FIRST 
1985, .9% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 32 
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UNIT CODE SHUTDOWNS/YR GROUP A VG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
94 
79 
67 
44 
42 
29 
138 
121 
96 
118 
53 
54 
38 
38 
- 38 
38 38 
6 
5 
38 
)  26 
28 
28 
66 
54 60 
83 
82 
26 
26 
28 
22 
CYCLES 
54 
78 51 
ENERGY 
ABSORBED 
GWH 
AVG. 
RED. TO 
WEEKDAY WEEKEND TOTAL 1 
Nuclear 26 33 59 211 84 
SHUTDOWN FOSSILS FIRST 
1990, .9% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 33 
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UNIT CODE SHUTDOWNS/YR GROUP A VG. 
WEEKDAYS WEEKENDS TOTAL 
58 
57 
7 
57 
46 
24 
29 
15 
3 
86 
61 
27 
58 
53 
54 
2 
2 - 
2 
2 2 
6 
5 
2 
0 
0 
0 
2 
0 1 
83 
82 
0 
0 
0 . 
0 
0 
0 0 
CYCLES 
ENERGY 
ABSORBED 
GWH 
AVG. 
RED. TO 
WEEKDAY WEEKEND TOTAL % 
Nuclear 128 78 206 473 71 
CYCLE NUCLEAR FIRST 
1990, .9% SCENARIO 
UNIT SHUTDOWN/CYCLING TABULATION 
TABLE 34 
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Engineer in the State of Pennsylvania. 
s 
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